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142-t -o$/41 11-01 l-
Titre Pays 
Etude du comportement du puits de cuve des reacteurs FRANCE 
Pw~ 900 MWe en cas de rupture limitee de cuve. Organisme direc:teur 
CEA/DSN 
Titre (anglais) Organisce e.xec:uteu:-
. 
CEA/DEMT 
Primary shield wall behaviour of PWR's . case of 1n 




late de Et at ac:tuel Scientifiq,ues 
.cs.r:-age 1/75 en cours 
.. 
' 
Date preV'.le Derniere mise 
-
d'acheveme:~.t 12/80 &. jour 12/77 
- Cojectif general 
L'etude concerne le comportement de structures en beton soumises a l'ec:latement 
de circuit d'eau pressurises : probleme des structures soumises a des impulsions 
de pression. 
\ .. ,./ 
2 - Objectifs oarticuliers : 
- L' etude vise essentiellement a determiner le comportement 'du puits de cuve <ecran 
bi9logique ) des reacteurs PWR 900 MWe dans le cas d'une rupture de la cuve 
du circuit primaire principal. 
Du point de vue de la surete il est necessaire de verifier les points suivants : 
- Le puits de cuve doit continuer a assurer le supportage de la cuve. 
- Le puits de cuve ne doit pas engendrer de projectiles pOuvant mettre en cause 
l'integrite de l'enceinte de confinement. 
Cette itude~devrait permettre de definir des regles et des guides pour juger de 
la conception du puits de cuve. 
···' 
I 
3 - Installations experimentales et programme 
L'etude et la mise ~u point de !'installation experimentale ont eti confiees au 
O'flort • - ;.,:,.,~ ,, 
Le progr~e ~xp~rimental comprend les etapes suivantes : 
- Essais preliminaires a petite echelle (1/75) pour determiner les ordres de gran-· 
deur correspondant a une rupture brutale de cuve .(rupture longitudinale qui cor-
respond au chargement maximum sur le puits de cuve). . 
\ - Essais plus representatifs a une echelle plus importance (1/20) et en prenant en 
compte des ruptures limitees de cuve. 
4- Etat de l'etude t 
I) ~Y!!!£~!!!.E_!..~-i~! 
~ -Fin des essais a petite echelle (1/75) sur maquettes en b'ton arme et precon-
traint. 
- Campagne d'essais pour mettre au point a l'echelle 1/75 des breches equiva-
lentes aux nouvelles sections de rupture de cuve (10 000, 5000, et 1000 Cml). 
- Etablissement d'un avant projet de maquette de circuit primaire au 1/20. 
- Calculs preliminaires d'evolution de pression:dans le puits de.euve en fonc-
tion de la modelisation des structures internes de la cuve. 
-La campagne d'essais a petite echelle (1/75) simulant une rupture complete de 
cuve (rupture longitudinale suivant une generatrice ou rupture circonferen-
tielle) permet de degager les points suivants : 
- Le puits de cuve en beton arme est completement pulverise et donne lieu l 
l'emission de projectiles •. 
Le renforcement du puits de cuve par precontrainte circonferentielle exter-
na (frettage) permet d'obtenir des structures capables de resister a ce type· 
d' accident. · · 1 
- Les calculs pretiminaires d'evolution depression pour l'avant projet au 1/20 
du puits de cuve, fonction de la modelisation des structures internes de la 
cuve, de la localisation de breche (virole ou fond de cuve) conduisent aux 
conclusions suivantes : 
- Le degre de modelisation des structures internes (avec ou sans interues) 
n'apporte pas de difference dans les evolutions depression. 
- La localisation de la breche est pratiquement egalement sans influence sur 
lea press ions. 
. .. / 
~ -------------- ·----- -
5 - Prochaines etapes : 
Les etapes prevues en 78 sont les suivantes : 
-Construction de la caquette au 1/20 du circuit primaire. 
- Etablis·sement du dossier d' avant-projet de la maquette beton du puits de cuve. 
-Construction de maquettes en beton au 1/20. 
6- Relation avec d'autres etudes 
Neant. 
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I' )e.te de Eta-: e.ctuel . Scienti:riques t 
de:n2..."'7e.ge· 1/75 en cours 
' . 
-
Date prevue Der:liere mise 




· 1 - Objectif general 
Cet·te etude a pour but de determiner 1' effet de filtre du beton des- enceintes de 
confinement afin de mieux evaluer les consequences radiologiques en cas 4'accidents 
de perte de dfrigerant primaire-des riacteurs a eau PWR.. 
2 ~ Objectifs particuliers 
Determiner les lois· de retention des produits de fission, en particulier des ioaes 
dans les cas suivants 
conditions normales de fonctionnement. 
' 
-conditions accidentelles (J40$C et 4 ba~s relatifs). 
3 - Installations experimentales et programme : 
On utilise le banc d'essai mis au point par la STA·pour la mesure des coefficients 
de permeabilite des betons dans differentes conditions de pression et de tempera-ture. 
' 1' 
! 
Le programme comprend les etapes suivantes : 
- etude quantitative de reten~iou de i' iode stable (iode penetrant et mole-
culaire) en fon~tion des differents parametres a prendre en compte (type et 
. epaiss'eur du beton ; pression et temperature, points singuliers). . 
etude quantitative de la retention de l'iode actif (eventuellement). 
" 4- Etat de l'etude 
I) ~!!!£!!e;t -L~!-i2!:!! 
Les principaux travaux realises en 1977 .sont les suivants : 
-montage du dispositif d'analyse des composes iodes (ICB3) mis au point par 
le ser:vice d I etudes Analytiques . 
-Conception et realisation du dispositif d'injectiou d'iode par la SESTR. 
-Adaptation du dispositif d'injection d'iode~au permeametre de la STA l Saclay. 
- Essais de receptio~ et de mise au point (cinq) du dispositif d'injection de 
1' iode dans les conditions de 1' accident de perte de re.frigerant primaire 
(4 bars, t40°C). 
2) !!!!:!1 ta_E.L!!!!!!.ti!l! : 
Pas de risultats sur .la diffusion de 1' iode (ICH3), car les deu.."C essais preli- · 
mjraires avec injection d'iode ne peuvent etre encore juges comme repr,senta-
tifs. (Volume d'eau en~raine au moment de l'injection trop important). 
5 - Pr.ochaines etaoes 
, 1) tes·conditions initiates d'injection etant main~enant atteintes, il reste encore 
.
<._ 1 effectuer .des modifications au generateur de vapeur de fac;on l atteindre les 
buts suivants : 
• evolution de pression et de temperature dans la partie sup,rieure du per-
meametre se rapprochant des conditions existantes dans une enceinte ap~ls 
l '.accident. 
- regler le debit de vapeur de fac;on 1 reduire au maximum le volume d'eau 
entraine dans le pe~eametre. 
Ce point est considere comme tres important dana la mesure ou l'eau .de 
condensation risque de pieger preferentiellement les iodes. 
-Le prochain essai (N° 6) de diffusion d'iode sera effectui sur une iprou-
vette disposee'verticalement. 
· ._~ ~~::..:;~::~n l)ar le SEA d'un dispositi£ de prelevetnent d'un ichantillon gazeux • 
~~n$ ~ ~namb~~ a=ont du permeametre pour verifier les concentrations d'iode 
avant diffusion dans le beton. 
I 




3) Conception d'un dispositif d'analyse de l'iode moleculaire. 
4) Essai de piegeage d'iodure de methyle par du beton normal (type Bugey) - les 
essais seront effectues avec les concentrations liberees lors de l'accident de 
perte de refrigerant primaire- (LOCA). 
5) Essais de piegeage de l'iode moleculaire par du beton normal (type Bugey) - les 
essais seront egalement effectues avec les concentrations liberees lors du LOCA. 
6- Relation avec d'autres etudes 
Neant. 
( 
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Title 1 t Elements absorbeurs d'4nergie };IOU%' Country 
la conception des bridages de tuyauteries. BELGIUM 
-




. Initiated I 1972 
·' 
Completed I 1975 Project Leader 
Status I completed P.BERNALSTEEN 
Last updating I 
-
1. ~E!,r_:l aim 1 
Experimental investigation aimed at characterizing· the dynamic 
behaviour of materials used for energy absorber design, 
under representative geometries and loading conditions. The 
major part of the programme was related to stainless steel 
rods acting in tension, and commercial cellular concrete, 
· acting in compression. In·addition, several tests·were performed· 
on copper bumpers and special mixtures .. of l~ght we~ght concrete. 
I 
u· 2 • Particular ·objectives 1 
• Development and testing of a forged head daaiqn for anchorage 
of stainless steel bars 
• Comparison of dynamic versus static strength Of tested materials, 
and determination of th~ scatter in dyna~ic stress. 
-'Effect of physical parameters such as humidity and temperature. 
le Expe·rimen·tal fa . cil·it·ies a.nd . .programme a 
- Dynamic testing including an air reservoir, rupture disks and 
a sliding piston (drivi~g· force a 40 kN) 
- Drop weight machin with a 1 ton hammer. 
4, Project status a 
The results have been published in the paper & " The use 
of energy absorbers to protect structures against impact load·inq 4, 
P. Hernalsteen and c.Leblois • Nuclear Engineering and Design 37 
(1976) 373.406. 
5,6,7 -









Classification & • '1·1 
Title la Programme VAPON. 
Evaluation des sollicitations des tuyauteries 
de vapeur en cas de br~che 
Title 2 a Programme VAPON. 
Evaluation of the pipe forces resulti~g from 
a steamline break 
.. 
Initiated a January 1977 
Operational •.June 1977• 









Pipe restraints are usually installed around steamlines 
in order to prevent severe pipe movement and pipe whip 
in case of a severe break. The general aim is to evaluate 
the hydraulic forces acting on the pipe at different break 
locations in o~der to choose the proper.locationa and 
dimensio~of the pipe restraints. 
2. Particular objectives. 
Evolution of the pipe force coefficient and mass flow rates 
during the short tims interval following a break of a steam 
line. 
4. Project status 
1. Progress to date a The calculations are based on the 
method of characteristics in order to treat the wave pro• 
paqation phenomena durinq the short period following 
the accident. Step by step calculation of the wave 
fo·rce and the blowdown force. qives. the evolution of 





The program can handle pipes equipped by venturia, sudden 
contractions or expansions, elbows. 
The flow regimes extend to the supersonic flow with the 
possi~le d•v.elopment of atandinq shocks in the pipe,. 
The vapour is treated as an ideal. gas and specified by ita ·.' 
proper isentropic index. As such; the p~ogram can handle 
. I any ideal gas. 
; \ 
2. Essential results a 
F 
The results obtained are in close agreement with the results 
from similar codes ·and published data. to~ ~imilar problems~ 
s. Next steR• 
In order to treat the break of high energy lines filled with 
subcooled water or staturated water and steam, a· proq~amme is 
under development usi~g the same basic method of cha~acteristio~ 
in order to evaluate the pipe force·coefficient and b~eak mass 
flow rate. 
7. Reference documents. 
~· A.H. SHAPIRO " Dinamics and thermodynamics of compressible . 
fluid flow " Ronald 1953 
·2. F.J.MOODY Time-dependent pipe forces caused by blow down 
and flow s~oppage. 
Transactions of the ASME-September 1973 
3. P.PANA, J. ROHDE Stationary and transient.Maas flow·ratea 
and jet thrust forces followi~g pipe breaks 
IAEA Meeting COLOGNE 1976. 
I 














Classification 1 1·1 
Title 1 a Programme LOCA-2 c Evolution des 
pressions a court terme dans les logettes 
de l'enceinte d'un reacteur PWR en cas 
d'un accident LOCA 
Country 
BELGIUM 
Title 2 : Programme LOCA-2 : A computer code 
to estimate the short term pressurization Organization 
! 
.in the subcompartiments surrounding the 
primary system, in case of a loss of 
coolant accident 
Initiated z June 72 
Completed : April 73 
Last update : December 76 (version 3,4,5) 




The programme LOCA 2 evaluates conservatively the short term 
pressure evolution in 'the subcompartments of a containment 
following a LOCA or a HELB, in order to ensure the integrity 
of the concrete structures surrounding the break location. 
\ 
2. Particular objectives· a 
Three versions of the programme exist in order to treat dif• 
ferent break locations and a wide variety of interconnected 
volumes, 
LOCA 2 V 3 a 10 nodes, and 20 interconnectinn~. 
Mainly used for simple geometrios. This pro;rams 
contains a bubble rise option to treat the 
depressurization of a steam. generator. 
LOCA 2 V 4 1 20 nodes,and 60 interconnections. 
Mainly used for calculations of overpressurization 
in the multiple compartments surroundi~g the primary 
and the secondary linea. 
LOCA 2 v s 1 SO nodes and 120 interconnections. 
MaLnly ·used for estimating the-overpresaurea in the 
pressure vessel cavity following a LOCA at the inlet 
o.r outlet nozzles of the reactor. 
4. Program Status z 
1. Progress to date. 
The program contains an inertia option for problems where 
inertia and frictional effects are important,and an orifice 
option for which q.uasi steady state compressible flow can be 
assumed. 
The program rigosously treats the thermodynamics of two-phase 
two-component mixtures of water and an inert. gas and contains 
three flow model options for estimating the critical mass 
flow rates. 
1. Henri-Fauske model (water,vapour+air) 
2. Moody model (for water-vapour only) . 
3. The homogeneous equilibrium ~odel: (water ,vapour+air) 
I 
The effect of water entrainment can be simulated by specifying 
a water entrainment factor for each interconnection. 
A code option is available to simulate fly-o.ut panels and 
movable plugs between volumes. 
2. Essential results 
Extensive validation of the program models was performed 
by comparison o~ the results on benchmark problems and real 
configurations obtained fro~ equivalent codes such aa 
TMD, RELAP, COMPRESS, DDIFF. · 
The results indicate. generallY. good ~greement. 
./ 
s. Next steps 
The code LOCA 2 is presently subjected to an objective 
validation exercise by participation in the USNRC standard 
subcompartment problem program~ The 13 standard problems are 
treated and the results are being submitted to the NRC 
for evaluation. 
' 
1. Reference Documents 1 
D. BROSCHE : ZOCO V, a computer program for the calcu~ation 
of time and space dependent pressure distribution in 
reactor containments. 
Nuclear Engineering and Des~gn. Vol. 23 (1972) 
K.V. MOORE ET AL 
Relap-IV a Computer program for transient thermohydraulic 
analysis. ID0-83401. (1973) 
F.J. MOODY Maximum Flow rate of a single Component, two-
R.E. 
phase Mixture. 
Transactions of the ASME - February 1965. 
HENRY, H. FAUSKE : The two-phase Critical flow of a 
one-component Mixtures in Nozzles, orifices and short· 
tubes. 
Journal of heat transfer - May 1971. 
DDIFF-1 Code & A description of the DDIFF-1 digital computer 
code for reactor plant subcompartment Analysis. 
Combustion Engineering Power Systems CENPD-141 February 1976. 






Title' 1 : PROGRJ\l~ME LOCJ\-3 :.Evolution de la pression 
A long tarme dans !'enceinte d'une centrale nucl4-
aire suite a une rupture du.circ:uit primaire. 
Country z 
BELGIUM 
! : 1----------------------· .. -·-- ... -- ----------~ 
Title 2 : ~RC~RAMME LOCA-3:Long term pressure evo-
lut~on ir. ~h~ containm~nt of nuclear power pla~ts, 
following a loss of coolant accident. 
Initiated • July 1974 
Completed s July 1975 











1. General aim : 'l'o calculate the pressure history in the con-
C-' tainment following a loss of coolant .accident. The compute.t·· · 
code LOCA-3-V4 unables one to. z 
• 
a. estimate the maximum pre~sure for which the containment 
integrity must be assured 
b. estimate a conservatively low .containment back pressure·to 
~valuate the efficienc:y•of the· ~ccs 1 
c. evaluate the efficiency of different safe~uar~ systems 
(sprai, ventilationr .I 
• 
' .. d. ·~vatu~tc the temper~tur~ gradients in the containment 
structure in order to estimate the stress levels in· the • 
concrete • .. ) 
f 
.· 
2.· Partic~lur objectives The code was dcvalop;~d for·calculating 
l 
containment loading for actual power plan:ts • r:::'his re·quires 
thr '&cion of the vartous co~ponents th~t influence the 
~~essure h~story such as r . 
Detailed description of all passive heat sinks available. 
The code is difuonsionned for a maximum of 10.structuroa, 
each of'which can contain up to ~50 nodes ~ith a vari~ble 
spacinq. 
Four different options are built in to calculate the intern•l: 
heat transfer coefficient in case of LQCA, two of which ara·~ 
the widely used Tagam~·Ushida correlation for in~eqrity and .. 
ECCS calculations. 
- Simulat~on of the operational safeguard systems,,such as 
• 
spray and cooling coils~ 
.. 
·;!-'' 
- Evaluation of the aulllp water temperature resulting. from . ;~,_ ••• 
such sources as the spray, the. spill-over Jlow :rates, conden• 
sinq flux, and the flashinq fraction that qoes to the sump.~,. 
':? 
This temperature is important to determine the stress in the 
sump concreto structure and to evaluate the depressuri-
zation rate in the reoirculation phase. 
Durinq the rocirculation phase, a proper evaluation of tho 
temperature of the component coolinq water is necessary in 
order to estimate the heat absorption capacity.of the coolinq 








l. !!!::22'!:2!!_!:~-~!~~ The fourth version (LOCA·3-v4·) is ~ully 
operational ~nd provid~s graphical o~tput for -the most ), 
' 








2. Essential results r Extensive validation of the code was 
-----------------performed and the resu~ts sho~ good a~reem~nt with r~sults 
from other codes such as ·CONTEMPT, COMPATE~ coco and zoco V. 
' 5. Next steps : The code LOCA~l-V4 is continu~~:y being updated 
to follow the evoluti·on in the models used. ·..:..;: ?·::~:;ervatively 
estimate the press~re ov~lution (e~g. FLASH c~~~~~~, including 
"pres~Urft f~ash" or fltemperature fl~sh"). 
Work i~ proceeding to include the treatment of the ~ost­
reflood ph.enomena with FROTH. As the input data are usuall~­
given for a fixed dow~stream pressure, the post reflood mass 
and energy relea~e rates must be ·adjusted t~ actual ·.downstream 
oPressu~e ~n the containment. 
:. Reference documents 1 ------------~--~~--
' D. B~OSCHE : ZOCO V, a computer code for the calculation of 
. . 
time-and-space dependent pressure distributions in rea~tor 
containments. 
Nucleat Engine~r~~g and Des~gn ~3 (1972) 
L. AXCHARDSON ET AL. 
"CONTEMPT~, A computer. programme for predicting ~he 
containment pressure-temperature response to· a LOss-of-
coolant accident. ·ID0-17220 (1967) .. 
F. ~ORDELON ET AL. • 
lilt. 
., 
. . .• ; ~ " .. ~ 
Contai~ment-Pressure Analysis Code (COCO) 
WCAP 0326 
9, Deqrec Of availability a CON'l'ACT.TRACTIONEL.•.'BRUSSBLS 
"'•. 



































Bcrichtszt>ilraum/Poriod Klassiflkation/Ciassification Kennzeichen/Project Number 
1 • 1 77 - 11. 12. TZ 7. 1 RS 50 
Vorhaben/Project Title Lanc:I/Country 
Untersuchung der Vorgnnge in einem mehrfach li'HG 
unterteilten Containment beim Bruch einer Fordernde Institution/Sponsor 
Ktihlmittelleitung wassergektihlter Realctoren Br·IFT 
Auftragnehmer/Contractor 
Phenomena Occurring BATTELLE-INSTITUT E. V. Investigation of the I Frankfurt am Main 
within t\ Hulti-Compartment Containment after 
Rupture of the Primary Cooling Circuit in Abt. Energietechnik 
Water-Cooled Reactors 
Arbeitsbeg1nn/lnitiatcd Arbeitsende/Compieted Leiter des Vorhabens/Project Leader 
Nav 4/14, 1971 June ]0, 1978 Dr. T. F. Kanzleiter 
Stand der Arbeiten/Sialus Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Continuing December 1977 20.275.200,-- DM 
.. 
.. General Aim 
The objective of this research project is to simulate in 
large-scale experiments rupture of the primary cooling circuit 
within the containment of a water-cooled reactor and to in-
vestigate the phenomena occurring within the containment. The 
experimental results are to be compared with the results of 
model calculations and will finally serve to improve the 
computer codes. 
2. Particular Objectives 
Problems to be investigated experimentally: 
- Flow rate and jet forces at the site of rupture, 
- differential pressure between compartments, 
pressurization in the containment during the LOCA, 
- depre~surization after the LOCA, 
- loads on containment structures. 
3. Research Program 
3.1 Integral LOCA experiments in a scale-model P\VR containment 
with nine compartments. The volumetric model scale is about 
1 : 64 relative to the 1200 }~ reactor plant Biblis A. 
3. 2 Basic LOCA experiments with stean1 line breaks and a simplified 
containment geometry. 
Jet force experiments leading to an extremely high load on 
special concrete structures. 




1.1.77- )1.12.77 - 2- RS 50 
Experimental Facilities, Computer Codes 
The experimental facilities consist essentially of 
- a model containment (approx. 600m3, 6 bar), 
- a model coolant circuit (approx. 6 m3 140 bar,- JOO °C) 
instrumentation (approx. 200 channels for pressure, 
differential pressure, temperature, density, mass flow, 
force, strain and water level), 
- data collecting and processing systems with 120 and 256 
channels, respectively. 
For comparison with the experimental data, the GRS-cod~ 
ioco 6 is used with small modifications; for details see re-
search program RS 50 A. In addition, several external insti-
tutions are using the experimental data to verify their Ol~ 
codes. 
5. Progress to Date 
Ad ). 1 The first series of P\VR containment LOCA experiments (Nos .Cl 
to C16) has been completed in 1976. 
Ad ).2 A series of basic containment LOCA experiments (Nos.Dl to D1,) 
has been performed during January through December 1977. Main 
features of these experiments are: 
- steam line breaks, 150 mm in diameter, 70 bar/285 °C 
initial conditions, saturated steam flow during the first 
2 or J seconds, afterwards two phase flow. 
simplified containment geometry: a series of ) to max. 6 ad-
joining compartments, which are interconnected alternative-
ly by orifices, nozzles or channels of uniform effective 
cross sectional flow area. 
One of these experiments has been chosen for an international 
comparison with theoretical results (Containment Analysis 
Standard Problem CASP). 
6. Results 
Ad ).1 An evaluation of jet impingement data from some C-experiments, 








1.1.77 - )1.12.77 - J - RS 50 
tine water line break dia. 100 mm, 290 °C/140 bar) showed 
that a jet of initially subcooled water can remain in a super-
heated, metastable state (at least withi~ a compact core) 
after leaving the nozzle until it reaches the impact plate 
(installed in 240 mm distance from the pipe nozzle). Thereby 
the mass flow rate is relatively high {~ax. 80,000 kg/m2s) 
and the profile of the local jet force distribution is acute 
with a maximum in the conter up to 55 bar. 
If only a slight portion of void (5 or 10 Vol. %) is present 
already upstream in the inflowing medium, the jet "breaks 
open" immediately after the rupture cross section and pro-
duces a flat wide profile of the jet pressure distribution 
(max. 6 bar). Thereby the mass flow rate reaches'maxima of 
' 2 
liO, 000 kg/m s. 
Ad ).2 The analysis of the measured containment press~tion with 
. 
the ZOCO 6 code indicated - at least in the case of the model 
containment with its high ratio of internal surface to volume -
a significant influence of the heat tranfer and condensa~ion 
processes even in the short term behavior (2 s). For details 
see research project RS 50 A. A'comparison of experiments 
with similar compar·tment configuration but with different 
vent geometries showed ~hat the discharge coefficent of the 
sharp edged orifices · (dia 750 mm) used in some experiments 
is approximately 0.7, if for nozzle vents (dia 600 mm) a di-
charge coefficient of 1 is assumed. 
7. Next St£.E_ 
Ad J.2 Evaluation of the results will be continued and additional 
reports will be prepared. 
Ad· ). J 
and ~q Specification and preparation of additional experiments. 
8. Relation to Other Projects 
RS 50 A: Analysis of the D-Series Experiments of Research 
Project RS 50 
\ ; 
1.1.77- )1.12.77 - 4- RS 50 
9. References 
(1-4) Quarterly Reports in the Series "GRS-Fortschrittsbericht. 
Bericht uber die vom Bundesministerium fur Forschung 
und Technologie geforderten Forschungsvorhaben auf dem 
Gebiet der Reaktorsicherheit." (in German) 
- January to March 1977 
April to June 1977 
July to September 1977 
- October to December 1977 
(5) GKSS 77/I/4): 
H. Schwan, "Erste Nachrechnungen einiger Containmentver-
suche des Forschungsvorhabens RS 50, Reihe D, im Battelle-
Institut, Frankfurt am 'Hain". Gesellschaft fiir Kernener- ' 
giever'"'ertung in ·Schiffbau und Schi:f:fahrt mbH, Geesthacht 
1977· 
(6) BF-RS 50-21-5 
·"Beschreibung des Programmpakets RS DV zur MeBdatenver-
arbeitung", January 1977 







"AbschluBbericht Forderungsvorhaben BMFT RS 50 DWR. · · 
Kennwort: Containmentversuche Battelle, Unterau:ftrag 
DWR-Versuche". 
Vol. '1: "Gebaudeauslegung und ;theoret. Versuchsbetreu-
ung11. 
Vol. 2: 11Versuche.C1- C12, C14, C16 11 
Vol. ): "Versuche Cl), C15 11 
Kraftwerk Union Erlangen, September 1977 
BF-RS 50-JO-D1 
"Quick Look Report Experiment D1 11 , March 1977 
BF-RS 50-JO-DJ "Quick Look Report Experiment 
ber 1977' 
BF-RS 50-JO-D6 "Quick Look Report Experiment 
BF-RS 50-J0-07 "Quick Look Report Experiment 
1977 
DF-RS 50-JO-D8 "Quick Look Report Experiment 
1977 
BF-RS 50-JO-D9 "Quick Look Report· Experiment 
ber 1977 
DJ",Septem-
D6 11 ,May 1977 
D7",June 
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( 16) BF-RS 50-J2-C7 "VorHiu:figer. Versuchsbericht C7", Februa-
ry 1977 
(17) BF-RS 50-32-C1lJ: HVorHiufiger Versuchsbericht C14 11 Febru-
ary 1977 
(18) BF-RS 50-J2-D1 11 Erganzende Versuchsdokumentation D1 11 , 
Narc.h 1977 
(19) BF-RS 50-32-DJ "Erganzende Versuchsdokumentation DJ", 
October 1977 
(26) BF-RS 50-J2-D6 "Erganzende Versuchsdokumentation D6", 
Nay 1977 
(21) BF-RS 50-32-D? "Erganzende Versuchsdokumentation D7", 
June 1977 
(22) BF-RS 50-J2-D8 "Erganzende Versuchsdokumentation DB", 
August 1977 
(2J) BF-RS 50-J2-D9 "Erganzende Versuchsdokumentation D9", 
November 1977 
(24) BF-RS 50-62-5 "LOCA-Experiments with a P\VR Multi-Corn• 
partment Model Containment". October 1977 
108 Degree o~ Availability of the Reports 
Reports are availbale through GRS-FB. 
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Analysis of the D-Series Experiments of Frankfurt am Nain 
Research Project RS 50 
Abt. Energietechnik 
Arboitsbeginnllnatiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1978 May 2, 1977 June )0. Dr. T. F. Kanzleiter 
Stand der Arl;leiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Continuing December 1977 399.850,-- DM 
1. General Aim 
Exper~mental results obtained in RS 50 containment LOCA ex-
periments are to be compared with results of computer code 
calculations. The objective is to demonstrate, to quantify 
and to analyze the safety margins inherent in the computer 
~ 
codes of today in order to get a basis for future best esti-
mate codes • 
. 2. Particular Objectives 
j. 
.j.1 
Analysis of the results of the D-series experiments using 
available computer codes with and without modifications.to 
support the initial evaluation of experimental results (Quick 
Look Report) and ass.ist in the detailed planning of following 
experiments. 
Research Program 
Calculation of the containment pressurization immediately 
after the performance of an experiment using the exp·erimen-
tal mass flow data. Documentation of the calculational results 
in comparison with experimental data in Quick Look.Reports 
I 
(combined plots of experiment and computation, remarks, con-
clusions). 
j.2 Analysis of experimental results by 
- parametric studies 
- variation of program options 
- calculation with separated calculational models (e. g. 
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4. Experimenta~ Facilities, Computer Codes 
To evaluate experimental RS 50 data, the GRS-code ZOCO 6 is 
mainly used with the following modifications: 
- original version with additional options for isentropic 
vent flow and for channel flow. 
- special version for separated subcompartment analysis by 
using additional experimental input data as boundary con-
ditions. 
-special version to determine unknown input.,parameters by 
continuously controlling the difference between computa-
·tional results and experimental input data and adjusting 
the input parameter accordingly. 
5. Progress to Date 
Ad J.l Seven of .the lOO-experiments planned for post-calculation 
have been evaluated. The evaluation of two other experime~ts 
is under. way. 
Ad J.2 Analysis of experimental data to obtain data for 
- heat tranfer coefficients 
discharge coefficients for the vents 
have been performed. 
6. Results 
.. 
- Ad ).1 
- and ). 2 The analysis of' the measured containment pressurization with 
the ZOCO 6-code indicated - especially for the model contain-
ment with its high ratio of internal surface to volume ~·a 
significant in£1uence of the heat transfer and condensation 
processes even in the short term behavior {2 s). Using the 
ZOCO 6-code a good agreement between conputational and experi-
mental data can be obtained with the following heat transfer 
coefficients: 
- long, narrow compartments near the break 
with longitudinal flow 10 - 20,000 W/m2K 
with transversal flow 1 - 2,000 W/m2K 
large compartments far from the break 100 - 500 W/m2K 
A first preliminary evaluation of data measured with a spec~ 
---------·---··------ . - ------ ·-·-- ------------------------- --
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heat transfer measuring device (concrete block with thermo-
couples in different depths) could not confirm heat transfer 
coefficients higher than 1,000 W/m2K. It is therefore possible 
that the 'above mentioned extremely high values contain also 
a factor lfhich accounts for an unkown additional effect not 
sufficiently considered by the computer code. 
A comparison of experiments with similar containment configu-
ration but with different vent geometries showed that the 
discharge coefficient of the sharp-edged-orifioe-type vents 
(dia 750 ~) is approximately 0.7 if for nozzle-type vents 
(dia 600 mm) a discharge coefficient of 1 is assumed. 
For the analytical description of the flow through a channel 
with circular cross section empirical data of Frossel• were 
used ·and lead to a good agreement with the experimental re-
sults. 
7. Next Steps 
Ad ).1 
and ~2 Evaluation and analysis of experimental results will be con-
tinued and additional reports will be prepared. 
; 8. 
'-
Relation to Other Pr2jects 
RS 50: Investigation of the Phenomena Occurring within a 
Multi-Compartment Containment after Rupture of the 
Primary Cooling Circuit in Water-Cooled React~rs. 
9. References 
(1) BF-RS 50-JO-DJ "Quick Look Report Experiment DJ"·,, Septem-
ber 1977 
(2) DF-RS 50-JO-D6 "Quick Look Report Experiment D6 11 Nay 1977 t 
(J) BF-RS 50-JO-D7 "Quick Look Report Experiment D7n, June 
1977 
(4) BF-RS 50-J0-08 11 Quick Look Report Experiment D8 11 July 
' 1977 
•Frossel, Stromung in glatten, geraden Rohren mit Uber- und 
Unterschallgeschwincligkej_ t. Forschung, 1 ( 2), :Harch/ April 1936 
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(5) BF-RS 50-30-09 "Quick Look Report Experiment D9", Novem-
ber 1977 
· Soo 
(6) BF-ns 50-62-5 "LOCA-Experiments with a PWR Multi-Compart-
ment Model Containment". October 1977 
10~ Degree of Availability of the Reports 
Reports are available through GRS-FB 
Documents (1) to (5) can be made available only by special 
agreement. 
----~------- ------------- ------··----·--
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Neasuring System to Analyze the Steam-Water Frankfurt am Main 
Air Nixture in Containment Overflo\-r Openings 
,Abt. Energietechnik 
----· 
Arbeitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
Februnrv 15, ·1976 November J<L._1977 \{. Zirnig 
Stand der Arbe1ten/Status Benchtsdatt;rn/Last Updattng Bewilfigte Mittei/Funds 
completed 
' 




Development of a measuring system to determine the compositkn 
of the steam-water-air stream in containment overflow open-
ings in LOCA experiments. 
2. Particular Objecti~~ 
' ). 
).2 
The measuring system is to be used directly in the steam 
atmosphere of the pressurized containment compartments. It 
consists of commercial components for density, ·pressure, and 
temperature measurement which have to be adapted to the spe-
cific conditions of application. The system is to be employed 
first for experiments in the Battelle model containment under 
project RS 50. 
Research Pro~ram 
Development of a housing to protect and cool the electroni~ 
components of the beta radiation absorption densitometer. 
Selection and calibration of the densitometer and error ana-
lysis for the complete measuring system. 
).) Selection of suitable pressure and temperature transducers 
by preliminary investigations. 
).~ Construction of an experimental facility to simulate a con-
tainment compartment and evaluation of the measuring system 
under the intended conditions of application. 
~. Experimental Facilities 1 Computer Codes 
The experimental facility extended under this ptoject con-
sists of an autoclave 'Id th a filling volume of 0. 17 m) which 
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5. 
is connected via a pipe to a low-pressure vessel. In this 
low-pressure vessel - a former reactor air lock of 10 m3 -
the test instrumentation can be mounted so as to be easily 
accessible. In oder to simulate the conditions existing in the 
containment co~partments duri~g a loss-of-coolant accident, 
a pi~rupture is initiated by breaking a rupture disk. ~OCA 
conditions cmbe simulated for both a rupture compartment and 
the adjoining compartments. 
Progress to Date 
Ad ).1 The housing with covered front side was tested and modified. 
( Ad ).2 Preliminary investigations ,.,ere carriEd out to determine the 
best ~easuring arrarigement and the attainable precision. 







Ad. J. J T~e selected measuring chains were investigated under the in- :! 
(: 
tended conditions of appli.cation to find out their accuracy. 
Ad ).4 Additional experiments 1Y"ere conducted in the experimental 
. . 
facility to check the results of the improvement of the hous-
ing and, after the complete measurement system was installed, 
a final experiment was run. 
6. Results 
Ad ).1 The detector hous~ng with covered beta ray detector proved to 
be ready for use. The detector is protected by a steel ·foil 
of 0.05 mm thickness. 
The housing, in which the detector is protected from· exposure 
to steam by air flowing in the op~osite direction, ~eeded an 
air flow rate which would affect the composition of the mea-
sured mixture considerably. 
With tne closed housing the required cooling capacity fo~ pro-
tection of the electronic equipment was sufficient. However 
there is a shift of the density signal caused by fluctuations 
in temperature inside the housing. Therefore a minor improve-
ment of the housing design is necessary. 
Ad ).2 The strontium-90 source used in this investigation allows a 
measuring depth of 200 mm. The boundary conditions are: ad:i:vi-
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10 ms, density range 1 - 8 kg/m3• 
The measuring depth might be enlarged by using a stronger 
source. 
Ad .) • .) The pressure and temperature measurements can be performed as 
required ,.,ith the selected transducers and mounting arrange-
ments. The thermal shock and long-time thermal effects on the 
transducers lead to uncertainties of 1 - 1.5 % full ·range. 
Ad .).4 Containment blow do~ conditions with values between 4.2 bar, 
1.36 °C and 6.1 bar, 152 °C were achieved in the low-pressure 
vessel of the experimental facility. Th'e .pressure build up is 
corresponding to the measurements in a rupture compartment 
under project RS 50. The final test of the complete measuring 
system was successful: The mixture density range (depending 
on the steam content) determined from pressure and tempera-·· 
ture measurements was in good agreement with density measure-
ment during the phase of increasing pressure. After the 
highest temperature in the low-pressure vessel was ~eached, 
however, a slight rising of temperature inside the housing 
led to a significant shift of the density signal. 
8. 
Next Steps 
Th~ investigations conducted under this project are concluded. 
It is considered to use the measuring system in containment 
experiments (RS 50, RS 012.)). 
Relation with Other Projects 
References 
Final report BF-R-62.994-1 
10. Degree of Availability o~ the~eports 






Berichtszeltraum/Period l<lasslfikatlon/Ciassllicat.lon Kennzelchen/Project Number 
I. 1.77- 31.12.77 7 1 PNS 4221 / 4223 
. 
Vorhaben/Projcct Title Land/Country 
Auslegung, Vorausberechnung und Auswertung der HDR- FR'J 
Blm.rdown Experimente, sowie.Weiterentwicklung und Veri.- Fordernde Institution/Sponsor 
fizierung fluid-st:rukturdyl)amischer Codes zur Bean- EJ7F'T 
spruchung von RDB-Einbauten beim Blowdown Aultragnehmer/Contractor 
Design and Pre-calculation of the Kernforschungszentrum Karls 
·HDR-Blowdmm-Experiments as well as Development and ruhe GmbH 
Verification of Codes in Coupled Fluid-Structural Dy-
namics for Stress Analysis of Reactor Vessel Internals Projekt Nukleare Sicherheit 
Under Rlowdm.rn Loading IRE 
Arbo1lsboginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
Oct. 74 1980 Dr.Krieg/Dr.Schlechtendahl 
Stand der Arbeiten/Status Berichlsdatu,rn/Last Updating Bewilligte Mittei!Funds 
Continuing December 1977 I 
' 
1. General Aim 
\( ...... :. Development and verification of computer codes for analysis of the dynamic 
response of reactor vessel internals. 
2. Particular Objectives 
Simulation of the fluid- and structural dynamics inside the pressure vessel 
under ·a postulated failure of the primary coolant circuit close to the inlet 
nozzle. Experimental investigation by using the facility of the former HDR-
reactor. 
3. Research Program 
3.1 Conception of the experimental program, design of the test facility, compu-
tational simulation prior to and after the tests. 
3.2 Development of analytical methods and computer codes for fluid-structural 
dynamics. 
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4. Exeerimental Facilities, Computer Codes 
Ad 3.1: Hydraulic mechanism for snap-back tests. 
Codes in production: 
TURBIT-2 (Turbulence, Natural Convection) 
YAQUIR, STRUYA (2D fluid dynamics) 
STRUDL/DYNAL (finite element structural dynamics) 
CYLDY2 (shell dynamics for the core barrel) 
FLUX-incompressible (3D fluid dynamics coupled with CYLDY2) 







(ZD fluid dynamics with CYLDY2 structure) 
(3D fluid dynamics with CYLDY2 structure) 
(2D non equilibrium two phase flow) 
(fluid dynamics system code with 2D ~odels) 
(improved shell dynamics for the core barrel) 
(Boundary integral equation code for 3D fluid 
structure coupling) 
Ad 3.3 Test section "Diise" for 'steam/water loop of IRB (Karlsruhe). 
Fast pressure relief-apparatus for autoclave. 
Flat water table for analogy experiments. 
(:.., 5.+6.Progress To Date and Results 
lJ 
Ad l.l The structural behaviour of the core barrel has been analysed with 
STRUDL/DYNAL and CYLDY2. Results agreed satisfactorily but deviated from 
results obtained by another laboratory. Development of improv~d model 
CYLDY3 was started to clarify the discrepancies. Pressure fields for 
blowdown were computed with YAQUIR and compared with DAPSY and-~lliOD 
results. With the incompressible FLUX code version the snap-back tests 
have been analysed. Detail plans for the natural convection test (for de-
termining the temperature distribution prior 'to blowdown) are developed. 
With the TURBIT-2 code it was sho~~ that radial temperature variation in 
the downcomer will decay to 25 % due to turbu.lent exchange. First tests 







' ' \ 
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Ad 3.2 The YAQUIR code and the FLUX code were applied to DWR blowdown analys~s. 
It was shown th.:~.t the HDR tests give a good representation of the real re-
actor situation. The DRIX-2D code (based upon the LASL SOLA-DF approach) 
was developed and successfully applied to detail analysis ot the highly 
transient region of the blowdom1 nozzle. A new equation of state permitted 
complete modelling of downcomer, nozzle flow and free jet stream with FLUST. 
The incompressible FLUX code dev.elopment was completed. The 3D. FLUX code 
and 2D STRUYA were successfutly coupled to the CYLDY2·structural model of 
the core barrel.Results were produced for blowdown response of the core · 
barrel with and without coupling. Furthermore, in CYLDY2 a modul has been 1 
added for calculation of stresses and strains due to the dynamic defor-
mations. The development of the code SING-S for coupled fluid-~tructural 
dynamic problems under any 3D geometry has been started. In this code the 
fluid dynamics is discribed by an advanced singularity or boundary inte-
gral ·equation method~ which leads to modifications of mass and stiffness 
matrices of the shell struct~re surrounding the fluid regions. 
Ad 3.3 The detail specification of two phase flow tests which are able to deter-
mine the essential parameters of the drift flux model .was completed. Test 
equipment has gone into fabrication. 
The test conceptions for small scale blowdo~~s with an autoclave and the 
fast pressure relief apparatus have been developed in detail. A special 
~. goal of these tests is to study the dynamic effects of core mock ups. 
L; 
7. Next Steps 
Ad 3.1 Installation of the HDR core barrel and the natural convection tests are 
due next year. The natural convection test ·result will be analysed in or-
der to finalyse the planning of the blowdown.test. Predicitve calculations 
will be carried out with FLUX and STRUYA and will be documented. 
Ad 3.2 FLUX (incompressible version) and STRUYA will be documented. Development 
of the code CYLDY3 will be finished and investigations of the discrepancies 
between same precalculations for:·the core barrel dynamics will be carried 
through. Work will start on integrating the DRIX-2D and FLUX models in 
FLUST. First applic;ations of the coupled fluid structure dynam'ic -code 
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pressure suppression system) will be made. 
Ad 3.3 The two phase flow tests will be performed and analysed. 
_.-
8. Relation with other Projects 
9. 
The project is closely related to PNS 4.22.2. It is coordinated with all 
other projects of the HDR bloVTdOl.'Il program. 
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1. General Aim 
\-'The presently available m~thods and computer .codes allow to design 
the LWRs such that an accident caused by p.:j.pe rupture in the primary 
~ircuit can be safely managed. However, the extent of exploitation of 
the structural load carrying capability is not yet known. To be able 
to make a detailed determination of existing safety reserves, it is 
necessary .to replace the conservative computer models by realistic 
models and computer codes which, however, have to be verified by 
relevant experiments. 
2. Particular Objectives 
Recording the dynamic deformations and stresses of the pressure 
vessel internals is the particular objective of the anticipated 
L· _nvestigations. To get realistic results, the phenomenon of fluid-
structure interaction has to be taken into account, i.e. the feedback 
of structural flexibility upon the pressure field imposed. Consequent-
ly, both the variables of state in the fluid and the dynamic·response 
of the loaded structure must be recorded simultaneously by measurement 
technology. It.is the objective of this task to measure the--structure 
response of reactor pressure vessel internals (deflections, accelera-
tions, strains) occurring during a blowdown and to evaluate the 
experimental data. 
Experience gathered from other similar projects have shown that the 
instrumentation used must satisfy very stringent quality requirements 
if intolerable failures and falsifications of experimental results are 
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3. Research Program 
The experimental program includes the development, testing and 
provision of the instrumentatio~ for the planned large-scale ex-
periments as well as the measurements and evaluation. It breaks 
down into: 
3.1 Lab6r~tory basic tests ·of prototype transducers (recording of 
characteristic data) • 
3.2 Thermohydraulic and mechanical tests of the prototype trans-
ducers in the ~utoclave system'. 
3.3 Tests on the dynamic behavior of the prototype transducers 
(with different transducer supports). 
3.4 Dynamic calibration of the prototype measurement chains (record-
ing of the transfer function) • 
3.5 Qualification and ordering of instrumentation for the HDR. 
3.6 Recording the characteristic data for the transducers by labora-
tory basic tests and dynamic calibration of the original measurement 
chains prior to their installation in the reactor pressure vessel of 
the HDR. 
3.7 Installation of the instrumentation in the reactor pressure vessel 
of HDR including performance tests and acceptance. 
3.8 Conduc·t of tests and acquisition of measuring data. 
3.9 Evaluation 'of measured data. 
(: 4. Experirnentai Facilities, Computer Codes 
True-scale experiments not connected with problems of modeling · belong 
to the most significant studies indicated above. Therefore, the 
I 
•, 
(decornrnissioned) HDR reactor, modified into an almost true-scale PWR, ·! 
has been·used. as the suitable·e>.-per:i.rnental facility. Details can be found 
in the Annual Report 1976 of the PNS 4221 task. 
To develop and study the instrumentation a "facility for the dynamic 
· study of transducers under blowdown conditions in the reactor 
pressure vessel" was erected which consists of an e_lectrodynamic 
shaker, an ·cutoclave system, and an auxiliary device allO\.,ring 
dynamic investigations of the transducers in air ·and water at ambient 
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5. Work Performed 
-The test facility for the dynamic investigation of transducers 
(under blowdown conditions) was completely installed at IRE and 
I 
has statted operation. 
The operating behavior of the aggregate facility {.&toclave system, 
'- shaker and auxiliary system); was ·evaluated and the· necessary 
improvements were made. Moreover, appropriate methods were developed 
to determine the required'data on the thermohydraulic and dynamic 
behavior of. the transducers which are permanently improved. 
b 
c 
A repOrt of work on a measurement error correction method for 
transient measurement signals inclusive of a computer code were 
completed. 
As work went on, four different displacement transducer types and 
two acceleration transducers were studied in the IRE a.-utoclave testing 
facility under thermohydraulic conditions similar to that in the 
' . 
reactor pressure vessel of HDR. Another topic of investigations was 
the acceleration behavior of the transducers (in this case the 
displacement transducer~)and above all the dynamic behavior. The 
signal, noise and error behavior, respectively, of the transducer 
was determined. Parallel with these activities appropriate vex-ifi-
cation methods and computer codes were prepared for the acquisition· 
and evaluation.of experimental d~ta (and are used on the existing 
process computer and TDA 33 analyzer). 
A new activity became· the supervision of ·the development work for a 
high temperature induction·type transducer,· the first 
prototypes of which have been delivered to IRE. Preliminary inve$ti-
gations have started. 
A proposal \-las worked out to realize m~dal_ investigations at the HDR 
core barrel,, . which is to provide knowledge of the vibrational behavior 
of the HDR . core barrel mockup. 
i 14 !· 
\ 
Jan.1,1977-Dec.31 ,1977 -.4 PNS 4222 
6. Results 
First investigations of acceleration transducers, above all 
induction type displacement transducers, were performed with the 
shaker and the autoclave system. In the investigations of 







had been concentrated, one transducer type ~urvived all the thermo- . : 
hydraulic and mechanical dynamic ~ests and exhibited an error 
behavior which makes it suitable for the anticipated tests. All the 
rest of prototype transducers did not qualify and were returned to 
the supplier firms for modification. The causes of errors · were: 
non-reproducible · behavior because of alterations in the insulation 
) caused by thermal stresses and high noise levels'during acceleratians 
at the transducer casing. 
The studies of the acceleration transducers had to be discontinued 
because of defects occurring at the transducers (loss of insulation 
resistance). New prototypes have been ordered. 
The first investigations of induction type high temperature, pressure 
and differential pr~ssure transducers do not yet allow statements to 
·be made about the suitability of these transducers. 
7. Plans of Future Work' 
) Investigations of the modified and new prototype displacement trans-
ducers and acceleration transducers., respectively, will be continued 
and terminated, respectively, with the obj~ctive of their qualifica-
tion so that the best suited transducers can be ordered as soon as 
.. possible with the suppliers. The same applies to. the high temperature,. 
pressure and differentia~ pressure transducers, with various modifi-
cations certainly ~till required in this case in the course of studies. 
The planned high temperature strain gauges have mainly been studied 
at MPA of Stuttgart University; a final test on the dyn~ic behavior 
will be performed at IRE. 
8. Relation with Other Projects 
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internals under blowdown conditions, which are measured and 
recorded in the experiments, se,rve as -t:-he input for the code 
developments ~ade : under the PNS 4223 task to treat the 
dynamic load of reacto.r internals, taking into considera,tion the 
, backfeeding of structure and fluid. 
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1. Halbjahresbericht,PNS 1/77 
Kadlec, J.: 
"Realisierungsvorschlag filr die Modaluntersuchungen am HDR-Modell-
kernmantel mit der PRODERA-Anlage " 
Interner Arbei tsbericht Nr.. IRE 3/4222/182/77 
Appelt, K.D., Eberle, F,., Lang, G., Philipp, P.: 
"Untersuchung des Hochtemperatur-Beschleunigungsaufnehmers Type 
Z 10315 von der Fa. Kistler zur Qualifizierung fUr die HDR-
Instrumentierung " 
·Interner Arbeitsbericht Nr. IRE 3/4222/201/77 
' 2. Halbjahresbericht,-PNS 2/77 
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The theoretical models for calculations of critical mass• 
flo\-t rate·s and thrust forces have to be checked relating 
to the influence of subcooling and tran.sient start-up 
procedures at discharging. from pipe le~~s. Investigations 
for applying t~is models up to pipe dianeters of 800 mm 
have to be done, too. 
2. · Particular Objectives 
4. 
When the calculation models have been confirmed, the 
thrust and. jet forc-es on baffle plates of t\-to-phase jets 
can be determined. 
Research Program 
Experimental investigations to t!:l.e influence of subcooling 
on steady-state critical two-phase flow , 
Theoretical study on the difference of ste.ady-state versus 
transient criticab. two-phase flm-1 ·,;ith respect. to flow 
rates and jet forces 
Theoretical study o~ scaling of experimental results on 
,critical two-phase flow up to r~actor coolant size. 
Exnerimental Facilities 
Preliminary experimental tests ,.,ill be carried out at a 
·test facility with 10 mm discharge diameter. Then some 
tests will be done at a big facility, to investigate the 
influence of discharge diameters up to 50 mm. 
> 
1. 1. 77- 31. 12. 7? - 2- RS 93 A 
'6. 
. ' ' 
Progress to D3te 
Two literature studies were completed: 
a) A theoretical study on scaling of experimental re~ults 
on critical two-phase flow to full-scale plants 
b) A theoretical study on the difference. of steady-state 
versus transient critical two-phase flow with appli-
cation of theoretically calculated ~d published 
experimental data for critic.al mass flow and reaction 
forces during the blowdown-phase. 
Several tests with subcopled fluid were done at the test 
facility with 10 mm discharge diameter. The results were 
evalua.ted. 
Results 
models For pipe length > 300 mm certain of the theoretical 
agree well with the measurements (homogeneous phase \ 
distribution,. thermodynamic equilibrit~). ~his agreement' 
persists irrespective· of pipe diameter. The applicability 
of experimental data to full-sca~e plants then is 
·successful. 
The theoretical.model for·calculations of the transient 
behaviour of crj.tical mass flow rates and reaction forces 
describ~s the' eA~erimental properties rather good •. The 




~ 20 bar 
~ 30 cm 
) 25 mm 
The measured critical flow rates, jet and· thrust forces 
at the facility with 10 mm discharge diameter agree well 
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The test facility \'li th discharge diameters up to $0 mm·· 
will be modified to reduce the hydraulic resistance of 
the discharge pipe. Then measurements will be done. 
Relation with Other Projects 
' 
References 
Abschlu.Bbericht RS 93 A, Teil 1 (Jan. 1977) 
pegree of Availability 
Available from GRS-FB 
•, 



























A Containment Multiroom Transient Analysis Code. 
Initiated date: !975 Completed date: , 
Status: Being tested. 
1. General aim ' 
Country: 
DENMARK 










Development of a multiroom containment computer code for 
pressure and tempera'ture transients during a loss-of-coolant 
accident. 
2. Particular objectives 
The code, MACON, written in FORTRAN IV for the Burroughs 
B6700 computer, is developed to predict th~ behaviour of water-
cooled nuclear reactor containments subjected to loss-of-coolant 
accidents. It.can also be used to describe responses in expertaental 
containments. 
It calculates the time variation of room pressures, tempera-
tures, ~ass and energy inventories of air, steam and water, mass 
and energy exchange between phases and adjacent rooms, too. Heat 
exchange between room constituents abd internal as well as external 
(wall) structures. 
The model is one-dimensional, having separate continuity 
equations for air/steam/water, comm~n momentum equation, but 
separate energy equations for air/steam and water. Air and ste.-
are completely mixed and in thermal equilibrium, while thermal 
non-equilibrium may be experienced by steam and water. A drift 
flux model is used,, together with suitable constitutive equation 
for interfacial mass and energy transfer and heat tr•nsfer to 
and from structures. 
- 2 -
., 3. · Experimental faciliti,es and programme 
The code is being tested against avai!able experimen-
tal data from the Marviken MXI and MXII exp,eriments. 
4. Project status 
A one-dimensional-version is being tested, A sparse 
technique for solution of the equation system has been used 
with a speeding up etfect on the calculation time. 
5. Next system 
Heat conduction in structures is to be coded in. Wetwell 
(:: pool condensatipn and water level are to be-modelled and built 
in. 
6. Relation with other projects 
The code is in some respects based on the experience 
gained during the Marviken experiments as well as experience 
with the CONTAC.code. 
7. Reference documents 
No reports available·yet. 
tS. Degree of availability 
'·' 
.·: 






















Sponsor: Ri s~ 
National 
Laboratory 




Initiated date: January 1969 Complet .. d date: Feb. 70 
Status:· In use 




Development of a computer code for the calculation of 
pressure- and temperature transients in a PS-containment during 
a loss-of-coolant accident. 
2. Particular objectives 
The presentcode, CONTAC II, is written in FOR'IRAN IV for 
the Burroughs 6700 computer, and it is a revised version of the 
CONTAC-code written for the IBM-7094 computer. 
It calculates the transient pressures and temperatures in th~ 
two compartmen·ts of a PS-containment following a rupture of the 
primary system. The blow down mass flow rate and corresponding en-
thalpy may either be supplied to the code a's input functions of time 
or. be calculated .interna~ly in a one-node vessel representation 
using Moody's model for critical two-phase flow. 
The code uses one-node representation of drywell and wetwell.· 
Core spray, drywell spray, wetwell spray and wetwell pool cooling 
as well as heat transfer from and to walls and structures are 
incorporated. 
5. Experimental facilities and programme ": 
The CONTAC II'code was used during the planning and 




a comparison between experimental data and calculations were 
undertaken and is reported in the Marviken report, MXA-2-205. 
4. Project status 
A comparison between a number of calculations and corre-
, 
spending data from the Bodega Bay, Humboldt Bay and Marviken 
experiments show an overprediction of the maximum drywell 
pressure ranging from 5 to 25 per cent. 
5. Next steps 
' A new updated version, CONTAC III, including an improved 
vent flow model, was· completed in 1975. 
6. Relation with other projects 
7. Reference documents 
N. Kj~r-Pedersen: 
CONTAC II, A Containment Transient Analysis COde 
Ris~, RD-Memo nr. 47 (1972) 
N. Kj~r-Pede·rsen: 
SIMPLI II, A Simulation Program Using Implicit Integration 
' ' ' Ris~, RD-M~o nr. 46 (1972) 




























































- Initiated date: 
Status: Tested. 
1. General aim 
Completed dat~: March 1975 J v.s. Pejtersen 
F. Cortzen 
K.L. Thomsen 
oevelopment·of a computer code for the calculation of 
pressure~ and temperature transients in a PS-containment during 
a loss-of-coolant accident. 
2. Particular objectives 
Th~ present code, CONTAC III, is written in FORTRAN IV for 
the Burroughs 6700 computer, and it is a revised version of the 
CONTAC-II code. 
It calculates.the transient pressures and temperatures in the 
two compartments of a PS-containment following a rupture of the 
primary system. The blow.'down mass flow rate. artd corresponding 
enthalpy may either be supplied to the code as input functions 
of time or be calculated internally in a one-node vessel represen-
tation ~sing Moody's model for critical two-phase flow. 
The code uses one-node representation of drywell and wetwell.· 
Core spray, drywell spray, wetwell spray and wetwell ~ool cooling 
as well as heat transfer from the walls are incorporated (as 
one-dimensional heatconducting discretized structures, two for 






3. Experimental facilities and programme 
The CONTAC III code has been tested against the Marviken 
containment experiments, and a comparison between experimental 
data and calculation has been ·made. 
4. Project status 
In spite of improvements to the ven_t flow model, the 
predictions using CONTAC-III snow no marked improvement-com-





of homogeneity resulting in.a unrealistic water-carry-over. 1 
S. Next steps 
Problems concerning the water-carry-over in vent flow is 
being cpnsidered. 
6.· Relation with other projects 
7. Reference documents 
N. Kjzr-Peders~n: 
CONTAC II, A Containment Transient Analysis Code 
Ris~, RD-Memo nr. 47 (1972) 
N. Kjzr-Pedersen: 
SIMPLI II, A Simulation Program Using Implicit Integration 
Ris~, RD-Memo nr. 46 (1972). 




















142-1 -c4/4l1t-o6 7._1 
Titre ?a.:rs. 
FRANCE 
Comportement local des enceintes en beton sous 
l'impact'd'un projectile rigide. Organisme direc:teur . 
CF.A/DSN 
Titre (anglais) OrganiSt:le exec:uteur 
- CEA/DEMX-CEA/CESTA \ 
I 
Local bebaviour of reinforced concrete walls under 
hard missile impact. Responsa.ble 
..... (DSN-FAR ; .~ 
. (DEMT) · 
·-Oa.te de Eta.t a.c:tuel Scienti£iques 




Date prevue Derniere cise .. 
d'&ehevement 1979 a jour Decembre 77 













- Cette etude est destinee a mieux faire connaitre la tenue d'une paroi en beton 
arme sous le choc d'un projectile. Les conditions de risistance limite sont sys-
tematique~ent recherchees afin de permettre la _mise au point d1 une fo~ule empiri-
que permettant d'evaluer la tenue a la perforation de differentes structures 
(NB : le projectile est "dur"). 
:) - Cette etude doi t permettre egalement de met·cre au.' point un programme de calcul 
utilisable dans un code aux eliments finis. 










Calculs d'evaluation preliminaires. 
Recherche de conditions typiques pour maquettage. 
Etude de l'infl'uence du diametre et de la masse de projectile. 
Etude de !'influence du ferraillage. 
Cas representatifs de cas reels. 
Influence de differents rapports geometriques. 
Influence des caracteristiques mecaniques·des parois. 
Coadition extreme (tres grande vitesse). 
Forme du projectile. 
... / 
3 ·- Installations experimen~ales et programme 
- Les essais sont realises au Centre d'Etudes Scientifiques et Techniques 
d 1 Aquitaine (C!;STA) a 1 ',aide d' un canon a air comprime de 0 300 mm sur cles 
dalles de 1,46 x 1,46 m. 
L1 utilisation d'un sabot en bois a l'arriere du projectile permet d'obtenir 
les possibilite suivantes 
100 -< ~f < 300 mm 
15 < M < 300 kg 
Dans. chaeun des essais on eherehe a obtenir une vitesse d1 impaet voisine de 
eelle qui est juste necessaire pour perforer la dalle en beton. 
• Le programme proprement dit a pour but,dans un premier temps,d'etablir une for-
mulation permettant·de relier la vitesse critique (vitesse d 1 impact minimale pour 
laquelle le projectile traverse la dalle) aux caracteristiques de la ~alle (epais-
seur,. densite et repartition du ferraillage, resistance du beton) et du projectile 1 
(~~~&sse, diametre et vitesse). .-'-
<:) - L1 etape suivante (fin 79) cohsistera a mettre au point un programme de calcul 
utilisable dans un code aux eliments-finis. 
4- Etat de l 1 etude t 
.1) 2Y!~~!!.L!..£!_i~ 
Les essais deja effectues (une cinquantaine) avaient pour but d'ltudier l'in-
fluence des parametres suivants 
- epaisseur des dalles. -
- masse et diametre du projectile. 
- densite et repartition du ferraillage. 
- vitesse du projectile. 
2) Resultats essentials : 
-------------------
... - L I ensemble. des resultats experimentaux permet ·d I etablir la relation donnant 
. la vitesse critique de perforation : 
Vc1 • 1 7- .L("' e2)14h . , ..., . r3 :e.___. 
M . 
avec ~: resist;ance en compression du be ton 
p:de~site du beton 
~, M:diametre et masse·du projectile. 
i.:epaisseur de la dalle en beton 
- Le domaine de validite de la vitesse de juste perforation est le suivant 
- ferraillage du beton ISO a 300 kg/m3 
- ~esistance en compression du baton 300 a 500 bars 









. ', ' ' 
' '1 I 4 ",-' 
S - Prochaines etapes : 
Les prochaines etapes visent les buts suivants : 
- au niveau de la formulation proprement dite : 
- Influence de la resistance du beton pour apprecier la fragilisation due 
au vi~illissement. 
' Influence de la section du projectile : cas particulier du projectile 
turbine pour evaluer le, diametre equivalent a une section. rectangul,aire 
donnee. 
- Influence de vitessessuperieuresi 200 m/s. 
2 - au niveau des modeles de calcul : 
, ' 
- mise au point d'un modele beton a introduire dans un code aux ele~ents 
finis pour calculer la penetration et la perforation de dalles en beton. 
non arme tout d'abord. 
- deuxieme etape ensuite avec prise en compte du ferraillage • 
6- Relation avec d'autres etudes : 
-. 
L' etude. CEA-DSN est en liaison directe avec les essais effectues par Ecll' sur des 
dalles en beton arme de 5 x 5 x 0,4 ~· 
La relation concernant la vitesse critique de juste perforation donnie au § 4.2 tien.t 
. c9mpte des risultats des essais EdF. 
~- Documents de reference disponibles : / 
- Communication au 4eme SMIRT de San Francisco 
Cette communication sera disponible sous forme de rapport DSN et sera publiee 












·-145-1 -08/4160-oS ... 7. 1 
. 
'ritre Pays 
Consequences d'un LOCA sur l'enceinte de confinemeqt. .FRANCE 
Etude de la condensation sur un mur d'un melange 
air-vapeur dans des conditions transitoires. Crgac.isme di:ecteur 
Progr~e ECO!lL\. CEA/DgCS_- ED!/SEPTEN 
'ritre ( a.ngla.is) Organisme executeur 
CEA/DTCE-STT(GRENOILE 
' Study on the condensation on a wall of an air steam ' 
mixture.in transient conditions in a LOCA accident. Responsa.ble 
ECO'IRA project ~ (STr) 
STT - Grenoble 
Date de Et4t actuel Scie:1titiques 
d&le.rre.ge 01/01/76 I en cours 
Date prevue Derni~re mise 
d'ach~ve:ne!lt 31/12/78 ~jour 1/78 
- Objectif general : 
Etude des transferts de cha1eur dans le cas de condensation-de vapeur ·sur un 
mur en presence d'air dans des conditions ·transitoires afin de pouvoir deter-
. miner l'evolution de la pression dans l'enceinte d'un~r~acteur au cours de 
l'accident de perte de refrig,rant primaire • 
. 
.2- Objectifs particuliers : 
Developpement de modiles physiques pour 1'interpretation des experiences. 
3 - Installations experimentales et programme 
Installation ECOTRA : Une section d'essai d'un diametre de 25 cm est brutalemeat' 
mise en contact avec un melange air-vapeur. La mesure des temperatures internes 












1 4 - Eta t de l ' etude 
1) ~Y!n£!!!~!-S!~i2~! 
Installation operationnelle depuis Avril 1977. I. 
Essais en cours sur une section d'essai en acier inoxydable. 
2) Resultats essentiels 
---------------
Influence de la vitesse, de la pression et de la teneur en air"sur les coeffi-
cients d'echanges de condensation • 
S - Prochaine·s etapes 
c 
Etude de !'influence de !'orientation de la plaque. 
















145-l -o 9/4 t s1-1 1 . 7.1 
. 
Titre Pays 
Consequences d'un LOCA sur 11 enceinte de confinement. FRANCE 
Etude de l'ecoulement du brouillard entre les Organisme directeur 
casemates d'une enceinte de confinement . programme CEA /DgCS - EDF/SEPTEN . 
REBECA. 
Titre (e.nglais) Organism.e exeet:.teur 
CEA/DRE - , STRE 
Cadarache 
Mist flow between subcompartments of a containment . . 







Date de Et at a.ctuel Scientitiques 
..... 
d&e.rra.ge 01/01/75 en cours 
. t• .. 
,. 
Date prevue Derniere mise 
d ' a.che•rement 31/12/81 & jour 1/78 
' 
1 - Objectif general 
Etudier· les ecoulements d'un melange eau-air-vapeur afin de determiner la mise 
en pression des casemates de l'enceinte d'un reacteur pressurise apr~s l'acci-
dent de perte du refrigerant primaire. 
~- Objectifs particuliers : 
Developpement de modeles physiques pour l'interpretation de l'experience (modele d'ecoulement axial). 
3 - Installations experimentales et programme : 
·Installation REBECA : le melange realise dans un.melangeur est envoye dans une 
section d'essai qui peut etre une tuyere ou un diaphragme. 




4- Etat de l'etude : 
t > ~Y!!!£!!!!!.!:-!~!-i2!!! 
- Etude du melangeur au moyen de l'experience TUYERE et mise au point de 
l'instrumentation. (ecoulement en eau, air et eau/air) 
Essais en eau et air realises. 
S - Prochaines etapes 
Essais en eau/air sur l'experience TUYERE. 
Construction au cours de 7&. 
Debut des essais,fin 78. 
6- Relation avec d'autres etudes : 
Etudes theoriques'sur l'ecoulement entre easemates dans uue enceinte. de 
confinement. · 
7 - Documents- de reference: rapports internes non disponibles 
c 
.... 
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·u~ ROUX • 
., 
· · ·L• analyse (lea sol11,t.itations m~cani..quea et thar;nicuics dos 
ence.intei oe confinement deo tranche$ nueleaires P\1'1 en cas' 
de rupt•ire de tuy~n•terie ~ri.maire ou seeondaire est effac:tu~e a l'aide 




Caleul -des ivolutions' de nreasion ·~..: eta tuyauterie dans· . · ~ 
l'en~<tinta it court terjlle et a ·tone t•~ma· en 9hasc{' de ree:i:rc:utattG 
' .. 
CATEU 6 :. Cdcul des' ivol.utions<de tempf!ature et press ion. a 1' int6rieur . J 
du eH vet's c:omp4rtin,l0l\t"S. clc, 1 r ~~ceinto pendan.t lea pr~aiera 
instant·• suivant la. rupt~ro • . . . 
. . ro:u~oN 
-· ................... 
. . ' ' ... 
Ca lcul qf:.s forct$. afi,1iqu6~s nux paroi.s ext6ri'cu'res de la e~va, 
en c:tUJ d• rup'ture de tuyautol:'le dans, lo puita de. cuv~. 
( . 
•,. '. 
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Mr. DOYEN 
~; Title 2 . .<english) 
f . r· / Thermal shock el(perimental program Project leader & 
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Scientists a I ' . 








Last updating- (date) 
PROGRESSING 
. 
1. GENERAL OBJECTIVE 
The main· objective of this program is to gain a validation of LEFM 
(Linear Elastic Fracture Mechaniely) applied to a reactor vessel core 
shell submitted to thermal stress similar to those oc~urinq after a 
LOCA. At· the end of the reactor life. 
2 • PARTICULAR OBJECTIVES 
. - 2.1. Validation. of LEFl-t 
." I i 
2.2 Test a SA SOS cl 3 shell with suberitical cracks and critical 
I • • • 
cracks with liquid nitrogen in order to verify the crack ini-
































3. PROJ'Il:CT STATUS 
Somo preliminary tests have been earried out for determining ~e hea~ 
transfer coefficient between a steel and liquid nitrogen. 
Basod on experimental data, finite ~lC;ments calculation~ have been-· 
performed for d~termininq the crack size which is. susceptible ~ 
propagate under thermal stress induced by .the cool down ~~ the 
internal surface of the test piece by liqui~ ·nitrogen. ~e test piece 
is ordered. 
4 • NEAR 'l'ERM PLANNING 
A detailed fracturo toughness chAracterization of the material will 
b; done prior to perform thermal shock' test in order· to determine 
the cr4Ck sizes. 
5. RELATION WITH OTHER ProJECTS 
COmplementary of HSST program (thermal shock teats) carried out 
. ' . 
. ; .. ·:. · by ERDA (USA) • 
. .. .. 
6. AVAILABILITY OF "RESULTS" 
Property of FRAMATOMB •. 
• 
' 
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. ·;., · .. Dynamic stu<Uos of the mcehnn1cnl ·and t~em<1l 
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Scope of the work i.s the development of the TILT code !or the analysis 
o! the transient following a LOCA in a pressure tube heavy water reactor. 
• The work is per!ormed in the framework of. thecont;ract awarded from 
~NEN to NIRA !or the design o! the C~REN~ prototype Nuclea:r Island. 
· Re!erence .. documents .. 
.. 
NIR~ Report-· 














































E~ERGIEONDERZOEK CENTRUM NEDERLAND 
TITLE: 
CHARME-IM 
Berekening van de impulsbelasting door 
uitstroming bij_ pijpbreuken 
TITLE (ENGLISH LANGUAGE): 
CHARME-IM Blowdown jet impingement process 
INITIATED : 1976 LAST, UPDATING : May 1978 
STATUS : progressing COMPLETED :1980 
General aim 
CLASSIFICATION: 7,1 
COUNTRY: THE NETHERLANDS 
SPONSOR : ECN 




Putten, A.P.W.M. van der 
Bbgaard, J.P.A. van den 
Koning, H. 
A special subroutine as part of the CHARME code is deve~oped, to calculate the 
fluid parameters in ·a jet beyond the system opening in view of the determination 
of the impact forces of this jet striking a wall. 
Particular objectives 
The -jet subroutine of CHARME was modified in order to incorporate the geometrical 
aspects of the wall and the deviating impingement jet. 
Experimental Facilities and program: none 
Project status 
The development of a two-dimensi~nal jet model has been started. 
Next steps: Introduction of special geometries 
I 
Relation with'other projects: See CHARME-code (ECN) 
Reference d~cuments: -






ENERGIEONDERZOEK CENTRUM NEDERLAND 
TITLE: 
CHARME-DIS • 
Berekening van het thermohydraullsche proces in de 
uitstroomleiding van veiligheidskleppen 
TITLE (ENGLISH LANGUAGE): 
CHARME-DIS 
Determination of thermohydraulic process in safety 
relief discharges pipes 
INITIATED : June 1976 LAST UPDATING : May 1978 
STATUS : Progressing COMPLETED : 1980 
General aim 
CLASSIFICATION: 7. 1 






Putten, A.P~W.M. van der 
Bogaard, J.P.A. van den 
Koning, H 
The development of a calculation model to predict the thermohydraulic process in 
a discharge pipe of a safety relief valve. 
Particular objectives 
The opening of safety·relief valves may lead to ~ressure waves in th~ discharge 
lines and back flow from the containment pressure suppression tank. This back 
flow may lead to underpressure in the containment suppression tank. Special sub-
routines for the CHARME-code will be developed to study this phenomenon. 
Experimental facilities and program: Not foreseen 
Project status: 
A subroutine to calculate shockwaves has been developed. 
Next steps 
Calculators on special applicators will be performed. 
Relation with other projects: See CHARME-code (ECN) 
Reference documents: -
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.Responsieberekeningen voor reactorgebouw 
j 
TITLE (ENGLISH LANGUAGE): 
Dynamic response of reactor structures 
{building and containment) 
INITIATED . June 1974 · LA$T UPDATING . June . . 
STATUS . Progressing COMPLETED : 1979 . 
o·oneral aim ......... /ldM". 
I 









CLASSIFICATION: 3. 2. 3. 3~ 7.1 
COVNTRY:THENETHEALANDS 
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TITLE (ENGLISH LANGUAGE): KEMA 
Calculations of the consequences of pipe PROJECTLEADER : 
.. 
' R.M • v,am Kuijk breaks 1n reactor systems 
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.lnitiaLcd 
EXPERIMENTAL WORK TO EXAMD{E 'l'IIE EFFECT OF 
MISSILE JMPACT ON. REACTOR CON'l'.AINMk:NT S'l'RUO'.CORES 
I 
1976 Completed : 1978 
GOUN'i'HY 
UNITED KU:GOOM 
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1. General Aim 
Experimental work is required to BUJmlement the in.f'ormat,iC?n available at 
present to determine the effect of missile impact on containment structures. 
The misoiles of interest oan impact externally, .as for emmple, a crashing 
aircraft or aircraft debris, or internally, such as those resulting .from a 
steam strum or pressure vesGel rupture, or the pro~eotion .o.f' a larse pump 
casing following an ~djacent pipe rupture • 
2. Particular Objectives 
2.1 Aircraft Imuact 
US and German design codes require the containment structure to withstand the 
effects of ,a specified aircraft impact. A similar requireC~ent has now be!:n 
proposed by the CEGB. A review ot existing data has ,indicated that a researc~ 
programme is necesnar,y to determine how a number or structural parameters 
modii'ied: • 
i the static strer.sth characteristics under concentrated loading 
ii the variation or load wi.: th time during loading • 
~ii the variatiO'n or deflections with time during the i'olloving loading. 
iv the development and propagation oi'.cracking·and yielding 
-2.2 Impact ot Qther Missiles ' : 
. . 
in the consideration or aircraft impact, penetration or the structure is; not 
expected to be important as .the impact pressuree are probably less than the 
compreosive tPtrength or the concrete. However, i'or the type o~ missiles. 
resulting from stcnm drum or pressure vessel i'ailure, local penetration must 
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'l'itlc 2 Project ~ca.der 
lniLiaLori Gomnlct.cd : ·Sciontiotu: 
Statuo : Lnr.t updating ...... 
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____ .... 
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Descri'Dtion: 
~. Experimental Facility ~nd Procramme1 
The test facility will consist or a missile launcher (which is already avail-
able in the UK},· to project model missiles at various speeds aeainst various 
concrete -targeto. 
•' 
T11e basic target size at l/25th scale will be 1.8 m dia. and 60 mm thick 
correopondins to 45 m dia. and 1.5 m thick full. size. Targets will be con-
structed from unreinforcod, reinforced and pre-stressed concrete. Variations 
in te1~sile and shear reinforcement, target thickness and diameter will be made. 
A •standard' miscile o£ 1.6 ~at 215 m/s would be used as well as·a crush~ble 
missile to simulate on the model scale the calculated load-time variation'!or 
an HRCA aircraft impacting at 215 m/s. Larger irresular missiles would be used 
for the penetration studies. 
4. · Project Status· 
- . Details or the number or tests, the rate of car.r,ying out the test and the 
parameters to be varied have not been finall1 confirmed although proposals 
have been made. It is possible. 'that priority would be siven to internal 
missile,s, . ' 
5• Relations with Other Projects 
. 
Studi,es concerned with assessing the velocity of a mi~oile PrOduced by failure . 
of a component containing pressurised water or a pressurised steam/wate~ 
mixture have been ma4e. Exper~en~s are in prosreaa to validate these asseso• 
menta. 1 
I 
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INTERNAL MISSILE EFFBCTS 
Title 2 
lnitiaLcd 1974 Completed 1 








D L HUNT 
Scientioto: 
--···- ·--- ---···· ...... - ...... ·----···· •··-· ..... 
Descriptions 
1. General Aim 
To enable the possible missile effect to be predicted following an assumed 1 
circuit or vessel rupture, and thus to design containment. 
2. Particular Objectives 
For the asr.umed case of a ruptured pressure vessel, to predict the velocity 
which may be attained by a large fragment. 
3. Experimental Facilities and Programme 
A tube (circa 20 cm diameter) is pressurised to L\Y.R conditions, then the end 
is rem~ved by bursting a diaphragm. The acceleratio~ of the tube is observed. 
4. Project Status 
The "steam rocket" experiment has been built to test SRD calculational methods~ 
The flight of the pipe is measured over 15 it mainly by fast photography' 
(2000 frames/sec) against a grid, but acceleration over the first 6" is by a 
photo-electric method. Pressure variation in flight will be measured using 
transducers with flying leads. 
The experimental pror.ramme of four tests has been completed usine three tubes 
of masoes 84 kg, 51 kg and 33 kg. Maxtmum velocities between 38.5 and 5 .2 m/a 
were measured. • 
' 
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KRAFTWERK UNION AG 
Condensation V, Part 1 Reaktortechnik 
R 521, Karlstein 
Arbeitsbeginn/lnlliated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1 • L~. 76 30. 9. 1978 Pr. Simon 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing 31. 12. 1977 4'089.830,-- Dl\1 
1 • General A-im 
The condensation loads were investigated as a function of back 
pressure, with a well defined reservoir volume, at different 
containment sti~fnesses and 600 mm vent· diameter, corresponding 
to the a:ctu'al pressure suppression·system. 
2. Particular Objectives 
In a single cell (scale 1 : 1) which corresponds to the most 
important parameters {pipe diameter and length, partial 
volumes ·.of pressure chamber, air and water room) C?f the 
condensation chamber, blowdown tests have been carried out 
with representative vapour mass flow rates. 
3. Research Prog~am 
3.1 Condensatlon forces measurement at realistic back pressures 
3.2 Influence of 'the containment stiffness simulated by a wall, 
which represents the· condensation chamber stiffness 
3.3 Visual observations of the phenom~na 
3.4 Investigations with changed end geometry on a vent of 600 mm 
diameter. 
I 
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The tests \..rere carried out in the present test stand of 
the GICM. The test parameters were: 
Back pressure: 1; 2; 2,8 bar 
Vapour flow density: Transient (simulated from a 
100 m3 reser~oir)- · 
Temperature range: 30 - 65 °C 
• Containment stiffness: 9 and 14Hz. 
Progress to Date 
In the evaluation of tests completed last year, frequency 
distributions of .the forces occurring in the vent pipe 
supports were determined. 
After reactivating the test equipment, the first series 
of four tests was conducted. In this series a) back pres·sure 
was reduced at low water temperature and b) initial water 
temperature increased to 75 °0 at the regular backpressure 
of 2.7 bar in the condensation ch~ber. 
Subsequently condensation tests were performed with transient 
mass flow and varying vent pipe end geometries. The first 
~ozzle to be tested - a vent pipe with an open lower end 
and lateral openings (20 mm ~) - shov1ed in some instances 
the same behaviour as the open ended vent, and in others, 
stronger excitations were observed t~an in corresponding 
test sections of the open ended vent, due to pulsating . 
condensation. Thi.s phenomenon was especially obser.ved during 
the last test phase. 
The second geometry investigated was a pipe with a plugged 
. hemisphe.rically-shaped end and discharge holes of 4? mm ~. 
After completion of the vent pipe end geo~etries two tests 
\Piith increased steam mass flow (approx. 60 kg/m2s) at the 
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6. 
In agreement \'li th the technical inspectorate the flexible 
wall was removed from the water ·side of the test container 
and tests performed whereby a) the 50 m3 compression 
chamber was coupled to the condensation vent pipe, b) the 
compression chamber was by-passed by a DN 250 pipe. 
In addition, in two tests the condensati,on. chamber was 
ventilated using the compression chanber so that no 
backpressure was built up. 
A lm-1 initial water temperature (30 °C average) was used 
for the above tests, the mass flow density transient 
corresponds to average flow. 
Results 
Evaluation of the support forces exerted at 2 m submergence 
showed only slightly changed average values \'lhen using a 
wall with increased flexibility. 
Increased water temperatures led to variations of the con-
densation process at the end of the vent pipe forming large 
steam bubbles. A significant influence of the pressure 
level at the container walls was not observed. 
Tests with vent pipe end geometries showed in part -
depending on stea~ mass flow and water temperature 
) 
/ 
vary~ng behaviour compared with the open ended ventj 
considering the max. and average values, of all test 
events, ho\vever, no significant differences were observed. 
,. 
~ests w~th increased initial mass flow re~dered increased 
pressure amplitudes in the initial phase of aerated con-
densation, their max., values, however, \'lere \'li thin the 
range (test 1 --34) obtained from the first test series. 
When the compression chamber was by-passed build-up 
of backpressure in the condensation chamber was 'eliminated. 
0 
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' 
"Chugging" processes were observed during the entire test 
period. Thereby sometimes the water·in the vent was 
surged over the outside water level during the low-
pressure phase in the tube. The max. and average pressure 
loads observed thereby at the container walls were higher 
than with preceeding tests. 
As was expected ''~ith these tests, the highest dynamic 
pressure amplitudes occurred with a by-passed compression 
chamber after.demolli~ting the flexible wall. Due to 
absence of air volume, no backpressure occurred in the 
condensation chamber. With coupled compression chamber , 
a slight increase of the average values was observed as 
compared to previous tests, no increases·were detected 
with max. pressures. 
7. 'Ne·xt Steps 
Evaluation of measurement data 
8. Relation with Other Projects 
9- References 
10. Degree of Availru>ility 




































Bcrichtszcitraum/Poriod Klasslflkatlon/Ciassiflcation Kennzeichen/Project Number 
1 • 1. 77 - 31. 12. 77 7.2 RS 78 E 




KRAFTWERK UNION AG 
Condensation V, Part 2 Reaktortechnik 
R 521, Karlstein 
Arboitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project leadef 
1 • 4. 76 31. 12. 1CJ77 Dr .. Simon 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Completed 31. 12. 1977 417.600,-- DM 
1 • General Aim 
Verification of tll.e· single cell theory a11d determination of tbe 




Previous model t~nk experiments (Condensation IV) were 
continued; the evaluation of the results was carried out 
from modified (statistical) viewp'oints. 
Research Program 
() 3.1 Construction of the test stand 
3.2 Tests with two troughs (single cells) 
3.3 Nain testwith other trough arrangements up to 5 vented pairs 
3.4 Evaluation of the results. 
4. Test Facilities 
Two model troughs with different sizeS and defined wall stiff~ 
nesses were built, including two vents and reservoir. The 
existing test stand was modified for the new troughs and 
geometries. The instrumentation was completed. 
c 
c~ 
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5. Progress to Date 
Complementary statistical evaluatio~s by means of a 
compute.r have been performed for the first 2-t rough 
teat_ series, t'lhereby different methods used for event 
detection and their influence on the result were 
investigated. 
Two differently sized concrete cells were constructed and 
fabricated in order to perform furt~er tests. 
The test sequence prepared for the planned condensation 
tests with multi-cell arrangements '.•Ias assembled in .. a . 
concrete trough \'li th tv1o separate co~densati~n 'pools. From· a 
common steam source (analogous to the drywell of reactor 
system), .two and six condensation ve~t pipes respectively 
can lead into the two pools. 
A steam supply connection '\'las insta2.led leading to the 
high-pressure vessel of the test pla~t. 
Initial tests were performed with concrete cell 3. Thereby 
steam was conducted through DN 80 pi?es into two separated 
pools. Steam supply could b~ supplied either separately 
or from a common drywell. 
Separate tests were performed with 2 and/or 6 steam-carrying 
pipes in the single cells as well as tests with 8 pipes 
simult~~eously loaded in both pools. 
During these tests the drY''lell volume as specified· for the 
pipes, was varied. 
The next step was the assembly of a concrete cell which 
allowed for an arrangement of max. 10 vent pipes (DN 80). 
! 1 1 
Tests t'lere pe·r~ormed t'li th 1, 2, 6 and 10 pipes. During these · ,. 
tests the specific·drywell volume was maintained constantly. 
--------------------------· 
c 
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6. 
The mass flow density of the steam as refers to the outlet 
diameter of the tubes \vas 16 kg/m2s, and vH!S common to all 
tests. During each test the water te~perature increased from 
20 to approx. 75 °C. For evaluation of the tests, (a) the 
max. values as observed on various pressure transducer posi-
tions \vere determined by analysis of t~e vi sic order traces. 
In parallel, (b) the magnetic tape recordings were evaluated 
by a computer, especially \vith respect to evaluation of 
statistical characteristic data. 
Results 
The concrete cell evaluation showec the influence of the 
number of vent pipes on the height of the pressure amplitudes. 
No significant influence on the measurement data could be 
observed \'lith the 6-vent-tests usi::J.g a varying drywell volume 
in ratios of 1/2 and/or 1:4. 
The simultaneous steaming of two sep~rate pools from a 
common source revealed the coupling over the steam path, 
in that the \'mter level motion in the pipes of both cells 
often ran synchronously. Usually, hm.;ever, the violence of the 
condensation phenomena varied strongly. 
7. Next Ste~s 
Test results are being evaluated. 
Final report is being prepared. 
8. Relation with Other ?rojects 
RS 78 D 
9. References 
10. Degree of Availabilitl 
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he it (PNS) 
\ IRE 
Arbcllsbcginnllnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
January 1972 December 1977 R.A. MUller 
Stand der Arbciten/Status Benchtsdatum/Last Updating Bewiiligte Mittei/Funds 
Co:mleted De~ember 1977 
1. General Aim 
("'The pressure. suppression systems us'ed in boiling v1ater reactor 
... _ ... 
facilities are exposed to dynamic loads during specific conditions 
of operation and in a loss-of-coolant accident, the intensity of 
which have not been sufficiently taken into account in the original 
design. The aim consisted in enlarging knowledge of the extended 
steady-state condensation process so that the dynamic loads applied 
to the components could be determined. The implementation of this 
~ 
task had to be determined largely·by the availability of suitable test 
·facilities over the time requi~ed. 
2. Particular Objectives 
Experimental evaluation of the pressure pulsation field in the water 
- pool of pressure suppression systems and of the dynamic response of 
' . 
"-'the vessel walls. Simulation and recalculation-of these phenomena by 
use of appropriate computer codes (ess-ential parameters: mass flow 
density, water tenperature, pressure level, air content of the steam, 
vent pipe diameter, number of vent pipes, dryNell volume). 
3. Research Program 
Work concentrated on the following main topics: 
- Gathering of experimental data on the pressure pulsations occurring 
during the process of· condensation in the ;.rater pool of a pressure 
suppression system and on the resulting·dynamic responses of the 
vessel structure. 
- Evaluation and interpretation of experimental data, using available 
computer codes. 
c 
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• 
- Simulation and recalculation of these events using existing 
computer codes_ , as well as computer codes to be developed. 
4. Experimental Facilities, Computer Codes 
Heasurements have been performed in the follm·ling experimental 
facilities (in most cases as a supplement and in coordination with 
the measurements performed by other participating· institutions and 
partly for the account of third parties}: 
Marviken Nuclear Power Station (Sweden) ; 
Brunsblittel Nuclear Power Station, 
Philippsburg Nuclear Pov1er Station, 
- Karlstein Large Vessel·Test Facility, 
- Condensation Test Facility at Mannheim Large _Power Station. 
The follm·ling computer codes were used: 
- STRUDL/DYNAL, a finite element program for first calculations on 
I 
the dynamical shell behavior. 
- SPHER 1, a send-analytical progt"am for calculation of the dynamical 
deformation of a thin-walled spherical shell. 
- KONDAS for calculation of the low-frequency events of pulsating 
condensation. 
WELLA for calculation of waive propagation in an anular wetwell 
with the simultaneous rE~cording of also asynchronous pressure wave 
C: generation at the individual vent pipes. 
- AKUDYN.for calculation of the effects on the wall structure pro-
duced by the very short-term "pressure needles" observed in the 
experiments. 
5. Wor.k Performed 
The final documentation was written on the infrare~ measuring 
equipment used in the Harviken II tests. Horeover, a quantitative 
comparison was made with the measured values ~etermined by other · 
measuring methods as regards the integral mass flow into the wetwell. 
The controlling measurements at the Manriheim Large'Power Station have 
been continued on behalf and for' the account of.TUV Baden (Technical 




Jan.1,1977-Dec.31,1977 - 3 - PNS 4211 
referred to the design and geometry of the pressure suppression 
system of the Philippsburg Nuclear Power Station. All the measured 
data wer~ recorded on magnetic tape, plotted at IRE, and trans-
mitted· to TUV Baden. 
The influence exerted by the water in the vleb1ell on the dynamic 
shell behavior was estimated analytically in a first step using a 
simple model. To calculate the dynamic deformation of a thin-walled 
spherical shell, a computer program (SPHER 1) was developed which 
is based on the shell theory by Flligge. It '\•Tas used in test c'ompu-
tations relating to local impact load. The load values employed 
't-lere the transient wall pressures measured . in the blowdown tests of 
the Brunsbtittel Nuclear Power Station. 
The parameter calculations performed on behal~ and for the account 
of TUV Baden, us~ng the computer programs specifically developed for 
this purpose, were terminated. The KONDAS computer code was also 
used to investigate pulsating condensation in the multi-pipe assembly. 
The results obtained together with directly derived test data were 
used to study the overlapping statistics in the reactor facility 
using the \·iELLA computer code • Finally, AKUDYN was employed to 
st~C.y t!'le il'Tipacts of the very short-term 11 pressure needles 11 observed 
in the experiments with the help of a substitute model for coupling 
~ beb1een the fluid and t!he wall structure. The KONDAS computer code 
has meanwhile been taken over by Gesellschaft flir Reaktorsicherheit 
(GRS) Munich. 
Results 
The infrared measuring technique, as used so far, is suited above 
all for the measurement of the droplet velocity and for the determi-
nation of the steam density, practically without any delay. All the 
pressure variations having a high time resol~tion are recorded ~~a 
The eigenfrequcncies of the wetwell calculated with the water in the 
wetwcll taken into account agree well with the frequencies observed 
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Station. The calculations on the dynamical deformation of a thin-
walled spherical shell exposed localli to impact load have shown 
that tne local deflection propagates to the more distant spherical 
zones after a great many of cycles only. The local behavior ~lculated in 
te.nns of time agrees quite well with the structural vibrations 
measured in Brunsblittel Nuclear Power Station tests. 
/ 
The results of computations made vli th the KO~DAS code and 
relating to the low-frequency events of pulsating condensation 
satisfactorily agree with the experimental data. Also the calcu-
lations performed for a multipipe assembly did not yield unfavorable 
coupling effects. The· results of these computations hav·e been 
directly in·tegrated in the licensing ·procedure for German BWR 
. nuclear power stations. 
7. Plans for Future· Work 
Another 8 tests are planned to be performed in the Mannheim Large 
Power Station. They will be based on the conditions prevailing inthe 
new Ktro boiling reactor line, i.e., in the Gundremmingen II Nuclear 
Power Station. The independent ac~ompanying controlling measurements 
will be carried out for these tests also to the extent previously 
applied. 
' '·· Nork on the dynamic shell behavior will be carried on in future ~ ... __. 
under PNS 4223, since it involves a. coupled fluid shell dynamics 
problem'which has to·be tr~ated in its entirety. 
8. Relation with Other Projects 
An exchange of experience has been established with other groups 
in Germany working on the same problems as well as with TUV Baden. 
9. Literature 
1st Seniannular Progress Report PNS 1/1977 
2nd Semiannular Progress Report PNS 2/1977 
c· 
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KFK 2578 
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Class,G.: 
Das Vcrhalten von Siedewasserreaktor-Druckabbausystemen beim Kilhl-
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Seminar liber neuere Arbeiten auf dem Gebiet der Reaktortechnik, 
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~!i..iller,R.A., Class,G., Frankel,E., Simon, U,: 
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Reakto~tagurtg, Mannheirn, March 29- April 1, 1977; Deutsches Atom-
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10. Degree of Availability 
Unrestricted distribution 
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Title 1 (Original language)· ClassificP.i:ion 
Heat transfer in pressure suppression 7.2 
Title 2 (English) Country ITALY 
SEonsor ~. CNEN . Organisation 
Date initiated 1975 Project Leader 
Date comEleted 1977 -
G. E. Farello ' Last UEdating_ . April 1977 
• 1 - .' General aim 
Heat transfer coefficient (vapour to liquid) measurements. 
2 - Particular objectives 
. 
Experimental determination of heat transfer coefficient 
(vapour to water) related to steam relief in subcooled 
pool water. 
3 - Experimental facilit~ 
Visuali~ed test section in an optical bench (small experi-
mental loop); 0,2 m3/h• 10 kW. 
~ - Project status 
A final report collects .the experimental data and provides 
a heat transfer correlation for direct condensation of steam. 
•· 
'. ·. 





















,Title 1 (Original·lan~age) . 
SOPRll 1 - Riccrca sul comportamento del s1stema 
di contenimento a soppressione di pressione in 
caso di LOCA. . 
Title 2 (English) 
SOPRE 1 - Research on the behaviour of pressure 
suppression containment system after LOCA. 
' 
Date initiated 1974 







Country ITALY < 
Sponsor OJR - QffiN . ~ 
Qrganisation University of 
Pisa ~ 
Project Leader 
' M. MAZZINI 
.. 1·1 












To acquire specific knowledge on basic phenomena in pressur~ suppression 
containment system after LOCA. 
Assess the effectiveness of computer codes~ like CONTEMPT series, for 
the prevision of pressure and temperature ~ransients in a pressure sup~ , 
pression containment system during LOCA. 
2) particular objectives . . /. . 
.... The program is intended to investigate the pressure and tempera:ture ~ 
·transients within a model of ~~RK II containment system, by varying blow~ 





' 3) Experimental facilities , . 
! ) 
ll \_ I . ll . 












SOPRE 1 apparatus, which is a 1 : 13 scale model of a MARK II ·system. In·· 
the containment model there are located 17 points for measurements of , 
pressure and 14 for measurements o.f temperature during the transient. '· 
4) Project status 
The first series of ·tests with blow-down nozz+e diameter of 15 mm(S rUns} 
or SO mm (8. runs) was carried out, ·varying pressure (from 20 to 85 Kg /an2) 
· and mass (from 45 to 70 Kg) of the water in PIPER vessel.·. · P . 
· The experimental results were COJilpared with data fro·m CON'(BM·PT•PS and 1 
CONTEMPT-LT codes. 
S) Next steEs 
·. 
Next program includes 10 runs with blow-down nozzle of SO mm diameter, 
SS Kg of water inside the PIPER vessel and a starting pressure of 70 
Kgp/cm2; further 3 runs with a starting·pressure in PIPER vessel of 30. 
Kgp/cm2 are scheduled for. safety rea,ons. In this second series 'of tests 
the pool temperature, the submergence and the number of ~he vent pipes 




Title 1 (Original language) 
SOPJill 1 - Ricerca su1 comportamento del sistema 
di contenimcnto a soppressione di ~ressione in 
caso di LOCA. 
6) Relation to other projects 
Classification 
7.2 





B1ow .. down tests by J:>IPER Apparatus. (the facility and instrumentation are 
the same) - Project Leader P. VIGNI. 
CNEN - Heat Transfer in Vapour Suppression Systems, etc. 
7) Reference documents 
.. l.'""B. GUERRINI • M. MAZZINI 
L'apparecchiatura spcrimenta1e SOPRB 1 per ricerche sui sistemi di 
contenimento a soppressione di pressione. 
~ngcgneria Nucleare N. 3 - Nuova Serie, Luglio-D~cembre 1976. 
2, M. MARINELLI, M~ MAZZINI 
•SOPRE 1: Reasearch on the Pressure_ Suppression Containment System. 
First Experiments. 
Energia Nucleare N. 11, Vol. 23, Nov.:l976. 
3. N •. CERULLO et alii 
Exp~rimental Investigation of ~he Behaviour of Pressure Suppression 
Containm~nt Systems by the SOPRE 1 Facility. 
··· : Paper presented at the 4th S.M.I.R.T. Conference, s. Francisco (USA),l 
August 1977. ~ 
4. M. MAZZINI et alii 
SOPRE 1: Ricerca sul sistema di conte~imento a soppressione di·pres-
sione.· Relazione sulla prima serie di prove. 
Istituto di Impianti Nucleari dell'Universita di Pisa, RL 254(76). 
8) Degr.ce of availability 
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SOPRE 1 - Research on t~e behaviour o£ 
pressure suppression containr.leht system 
after LOCA 
7.2 • I 
!: . ! . 
....... 
SPONSOP.D~G- CCT.H:TRY : 
ITALY 
I 
(: . i DATE INITI.:..TE:J t 1974 (actual rphase) 
ORGAliiSATION 
U~IVERSIT~ OF PISA 




I DATE COi•;?LEi'ED 1976 (actual phase)· H. 1-tAZZ!NI 
i L---·------------------~--~---------~0 
. . \ !~ ·• 
. •· ; i 1 
Descri"'tior.. 
. 
\ Research pr?gram: 1 






















within a model of )~R~ II pressure suppression containment system. The 
effects of blow-down flow rate, lnlet area and flow rate distribution 
· . among the vent pipes, are exanined. 
Assess of c~pability ~f cc~?Ut~r codes, like CO~TEMPT·PSr to fit · 
expcrimenta+ data. 
ln the next future it is possible that MARK III type systems ldll 
be studied. , ........ 
c .. ~cilities: 
SOPRE 1 apparatus • ·..:hich is a 1:13 scale model of ~lARK I I S)"stem. 
St~am is supplied by a pressure 1 Vessel; its main fc~tures are: design 
pressure lOO Kg/co 2• design ten~erature 310 °C• capacity 100 litres, 
blO\ol•dO\.;n area variable up· tO 6' cm Of 'equiValent. di~meter. 
Refcrcr:.ce cocu~er.ts: 
l;e n. GUERR!~I, ~~. :·L.\~:r:;r 
L'apparecchiatura sp~rimentale 
contcnimento a soppressione di 
. . 
' 
To be i~succl. 
SOPRE 1 per ricerche sui sisterni di 
pressione. 
\ 










The. research is performed on C.N, R.· contra.c:t·. Financial support 
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Title. 1 (Original language) . Classification 
Analisi dei transitori tQrmo-fluido-dinamici a 
7.2 . seguito di LoCA nei'~istemi di contenimento dei . 
. 
reattori ad acaua le~~era. ~ 
Title 2 (English) Co\!lntry ITALY 
Analysis of ~hennofluidynamic transients in Sponsor CNEN and rnR 
. 
LWR containment systems following a LOCA. Organisation University of. 
Pi sa 
Date initiated 1975 Project Leader 
. 
Date com;eleted 1977 N • CERULLO 
Last uedating, May 1977 . 
b . DESCRIPTION • 
Research Program . . 
The program has the aim of investigating, using analytical tools, thermo-
fluidynamic transients in Light Water Reactors Containment Systems following 
LOCAs.·The main purpose of the work is to verify the capability of the compu 
ter codes used.in this·study, checki~g their calculations with experimental 
d:ata. obtained at the safety facilities of Scalbatraio Research Center, Unive!. ~ity of Pisa. • 
Facilities 
IBM, 370/168 and 370/158 Computer belonging to CNUCB of Pisa. 
SOPRE 1: an experimental small scale facility representing a Mark II pressu~ 
re suppression system which is at the Scalbatr~io Laboratory of Nuclear Plan~ 
Institute, University of Pisa. 
Reference documents 
1 .1. R.J. WAGNER, L.L. WHEAT 
'--" CONTEMPT-LT USERS ~fANUAL - Interim Report I'-214•74·12 .1 
Aerojet Nuclear Company- USA - August 1973 • 
. ~ 2. M. MARINELLI·, M. MAZZINI 
SOPRE 1: Ricerca sul sistema di contenimento a soppr~ssione di pressione·,; 
Istituto di Impianti Nucleari, UniversitA di Pisa, RP 210{75); 1975. 
3 • 1-f. HARINULLI, M. HAZZ INI, A, MAZZONI, P. TODISCO .,. 
Bvoluzione e stato ~ttuale del~e conoscenze ~ui fenomeni termo•fluido•di-
n~mic~ nei sistemi di contenimento a soppressione 
1
di pressione degli Im:-
plantl Nucleari tipo BWR. .· . 
Istitut~ di Impianti Nucleari, Uni~ersitn di Pisa, ~L 242(76). 
4. M. MAZZINI, A. MAZZONI; P. TODISCO , 
SOPRE 1: Riccrca sul sistema di contenimento a soppressione di prossio.ne• 
Rclazione sulla prima serie di prove. . .. 
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Title 1 (Original language) 
Analisi dei transitori termo-fluido-dinamici a 
seguito di LOCA nei sistemi di contentmento dei 




S. N. CERULLO, A. DELLI GATTI, M. MARINELLI, M. 'MAZZINI, A. MAZZONI, A. 
.. 
.. 
SBRA~A, P. TODISCO 
Experimental Investigation on the Behaviour of Pressure Suppression 
Containment Systems by thc~SOPRE 1 Facility.· 
Paper presented at the SMIRT 4 Conference, S. Franci-sco,· California, 
(USA), 15·19 August 1977. . ·. .. 
• • 
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Title 1 (Ori~inal language) Classification 
ilrilaecio del Instfl.bili ta connssse .con 
va.pore attraverso le va.lvole di sicurez- 7.2 
za. 
Title 2 {English) Country ITALY 
Instnbili tj· phenomena related to steam ·s12onsor C.N.E.N. 
relief through S • R. V. · Organisation . C.N.E.N. 
Date initiated 3 - 1976 Project Leader 
1978 , . Date com12leted 6 
-
Last UEdating Apri 1~ 1977. D. Pi timada 
1. General aim 
·Experimental study of air, water e.nd steam discha.rge t.hrough a 
sinele safety relief val:ve. 
2. ·Pa.rticulor objectives· 
~ Determination of inettabili ties connected to. air-water clearing, 
bubble dynamics ttnd to sterun flow pulsRtions. · 
Implementntion of a computer code for the detennina1iion of chief 
pa.ramcters interesting the discharg.e • 
3. 'E:lcperimE>ntal facilittes and programme 
Facility consisting .of: 2m3 boiler (70 fc.f'cm2), .·· 2" relief valve, 
70 m long, 1.5" ss. disch&rgc pipe,.? m suppression pool • 





The fa.cili ty is reA.dy, preliminary results concerning steam flow pul 
-
sa.tions are n.va.ilnble • 
A preliminary computer code, concerning transient phenomena of 
discharge, is implemented. 
. ' .•. 
5. Next steps 
Experimental determination of pressure, temperature and· flow ra.te · 
·as functions of steam and water conditions. 
Implementation of computer .codes.· . 
Comparison of experimental. data with oomp~ter codes. 
,, . ·' . ; 
1 

















. . ' 
'l'ITLI:.: 1 (original lancuat.:o) Classification 
Instubilith connesse con il rila..scio del ·.fl~l_. __ iJ ~ 7.2 
vn~ore attraverso le valvole 
TITLB 2 (cnclish) 
Instability phenomena related 
relief·through· S.R.V. · 
. 
Uat.e init.iatcd 3-1976 
L>ato complotod 6-1978 
La at upoating June 1976 
' . 
:. 
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N. V. KEMA CLASSIFICATION: 1. 7. I. 7.2 
TITL..E : COUNTRY: THE NETHERLANDS 
SPONSOR: 
KEHA .. , 
ORGANIZATION: 
TITLE (ENGLISH LANGUAGE): KEHA 
Calculations of the consequences of pipe PR,OJECTLEADER : 




LAST UPDA Tl NG : 1978 Kloeg 
Oppentocht 
STATUS : prog_ressing COMPLETED : 1980 Tal ens _ .. 















































1 o '"I o 77 - 31 • 12. 77 J.S ?.?<; 
Vorhabon/Projecl Title ~ land/Country ~2,..: untersuchung und Ent,·!icklung von Systemon 
ZUI' Jcr;rcnzunr; der Wnsoerstoffkonzentratio~ Fordernde Institution/Sponsor 
Siedewasser- BY-='"71 ir.l Sichcrheitsb~halter von -·--
rea!:toren Auftragnehmer/Contractor 
K~~F?'dERK UHim~ AG 
I!lVestigation and Development of Systems Rea~tortechnik 
T • •-'- t' .u~r:llva ~n~ the H2-Conccntration in the .BT;Jl?. Containment . R 312, Frankfurt 
Arbcitsbcginnllnitiated Arbeitsende/Completed Le iter des Vorhabens/Project Leader 
'1 • '7. 1076 ~1 0 s. 1_9?R l=' ':'·~,0.: C:OT' 
Stand der Arbeilen/Status Berichtsdatum/last Updating Bewillig:e Mittei/Funds 
Cor. t inuing 31. 12. 1977 3'10 .600 '-- DM 
1. General Aim 
The purpose of the R+D-progra~ is to i~?rove our knowledge 
of hydrogen generation and distributio::1 in t~e B\·IR contain-
ment during reactor operation and afte~ LOCh, and especially 
to develop and test concepts and met~ods for neasurcment and 
limitation of H2 concentrations in t~-e containment atmosphere. 
2. Pa.rticular Objectives 
The specific aim \·r:.i.ll be verificatio:: of the a:pplicabili ty 
of apparatus, devices and catalysts for H2-~e~oval after 
LOCA. Cat3.lytic recombiners in \vhic!l ~ydroge::J. ";ill oxidize 
\vith atmospheric oxygen to form wate:-, ".·;ill ~ave to be 
tested under reference operating and LOGA conditions. 
Tests will have to verify that deco~~~i::J.atio~ procedures 
(e.g. for fission-·product Iodine), iv~ic":l are to be expected 
in the '?Ost-LOCA at:10sphere of the co::tai:=:l!!le::J.t, \·rill not 
impair the mode of oper3.tion of the catalysts. 
3. Rezearc":l Progr~ 
·3.1 T~eoretical Investi~3tions 
-------------------w------
Survey of literature and possibly ~eas~reme~t data to improve 
knowledge of: 
- metal-water reaction 
- production rate by radiolysis (G(E2)-value) 
------------·· -· . -
,. ,, ,_,.. 
,. ,. // - 31. 12. 77 - 2- RS 223 \ 
ga:nma-absorption '"'ithin t:,e reactor core 
dependency on coolant quality 
H2-measurement 
I!l con!lection \vi th paragrap~1 3. 2, s"J.i table sampling and , 
~cnsu:::-e::cnt ;nethods ";Jill be selec~ed, 1·:it~ s_;,ecial 
attention to postwLOCA conditions. ' 
Tests are planned in a suitable seni-technical lab-facility 
\·rhich is simi.lar to the KWU off-gas systen recombiner. 
The major components of this facility are: preheater, 
recombiner, cooler and the required measuring devices. 
The folloHing investigations will be carried out: 
Thermal capacity of the total syste~: 
Evaluation of catalyst and reconbiner :u1aterial properties, 
both under normal and extreme tem?eratu~e conditions of 
50 to 600 °C.consistent with possible failure modes. 
Chemical performance: 
Verification of functioning and regeneration-ability of the 
_catalysts by specified additions of contawination products 
(e.g. lodine) us~ng different reco~biner te~peratures, 
H2-concentrations ~d atmospheric conditions. 
Opti~i:ation of catalyst quantities: 
Evaluation of therillal capability and cheoical properties 
under different ratios of catalyst-to-air-H2-volume. 
).3 E~!~~~E~~~~-2f-~_H2-g~g!!£~!}g_§;'L'~E~2 
Based on theoretical and experir1ental test results, concepts 
and systems for measurement a.."'ld control o~ H2-concentra.tion 
present in the con·tainment atmosphere will be developed. 
c 
~. 1. 77- 31. 12. 77 - 3- RS 223 
l~. Experi~ental Faciiities 
The test facility represents in :;>:-i~ci?al the ·recombination 
rmit of the off-gas syste!l·at a !'e::i'.:.ced scale (1 : 30). 
·The model lmvs indicate that the sa::1e !lydrodynamic a."'l.d 
geometric conditions are prese~~ ~~ tne nodel. 
The arrange:nent consists of a :;>:-~:;:-o:::-~io!:i:lG apparatus for 
varying the hydrogen enric~ent o= t~e atmosphere. The 
air-H2 mixture vrill be saturated •.·:i t~ steam at 80 °C in a 
moistening chamber.and then heate~ i~ a ~eater. Then 
a heated temperature-controlled reaction container '\>Jill 
be introduced, in which by means o~ a catalyst the 
recombination lvil1 be initiated. '::~e hydrogen-free gas 
will then be released into the at=os?~ere. 
Addition of various contaminations is rr~de prior to entering 
the reaction container by means of a hea:s-:1 tube a.'1d/or 
injection device. 
Residual quantities of the catalyst -poisonine; Iodine 
will be determined by volumetric ~alysis. Hydrogen ana-
lysis 1vill be performed by a co:lti!luously operating 
thermal conductivity measuring device. 
5· Progress to Dat~ 
Pretest series ·.-:ere ru_"ll i::1 order to verify the effects 
caused. by oil oists on the acti,ity of the catalyst. 
Longtioe tests ( 33 days) were ru · . .;i th 
- Iodi:1e 
- Fission gas follow-products 
concrete dust 
- oil mo±sture 
boric·acid 
The catalyst poisons were added corresponding to the 




I •· 1. 77- 31. 12. 77 - 4- RS 223 
The semi-technical lab-facility ".·ras i:.:J.stalled. The heating 
of the recombi~er ,.;as tested; t~e c~a::::-acteristic of the 
temperature increase v1as measured. 
6. R~sul ts 
7. 
8. 
T::e pretests shm·red that t:1e ef.fici~:-:..cy of the Hydrogen-
recombiner \·!as influenced by oil ~o:..s-:u.re at 200 °0 process 
temperature. A reganeration was reac~ed by increasing the 
process temperature to 250 °0. 
The longtime tests confirmed that t~e Hydrogen-recombiner_ 
efficiency depends strongly on t~e ~e~perature of the 
catalyst. Therefore a homogeneous ~i constant temperature 
field in the catalyst will be necessa::::-y. 
The process temperature of 200 °0 ~as reached after about 
1 day without flm'l. ·When condensators and preheaters were 
used the temperature of 200 °0 was reac~ed after 2 hours . 
in the enter region of the gas. The e~uilibrium temperature 
r~ached 300 °0 after 8 hours. 
Hext Steps 
Heat-up characteristics after failure of preheater or external 
chamber heater • 
Relatio~ with Other Projects 
References 
---
10. Degree of Availability 
Boricht-;zuitraum/Period Klassilikation/Ciassilicalion Kennzeichen/Project Number 7.3 246 1. 1. 77 - 11.12.77 RS 
Vorhaben/Project Title Land/Country 
Experimentelle Untersuchung der·Wasserstoff- FRG 
vcrtcilung im Containment eines Leichtwasser- Fordernde Institution/Sponsor 
renktors nach einern Kuhlmittelverlust-Stor- 'RMTi"T' 
fall Auftragnehmer/Contractor 
BATTELLE-INSTITUT E. V. 
Experimental investigation of the hydrogen Frankfurt am Main 
distribution in the containment of a light-
\iatcr reactor folloldng a loss-of-coolant Abt. Energietechnik 
nr.r.inf'nt. 
Arbeitsbeg•nnllnillated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1.8.1977 30.9.1978 G. Lan~er 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing )1.12.1977 648.9oo,-- OM 
1. General Aim 
Various processes taking place during and after a loss-of-
coolant accident in a light-water reactor (e. g. zirconium-
steam reaction, radiolysis) may lead to the generation of 
hydrogen, which then spreads in the containment by diffusion 
and convection. These transport mechanisms influence the 
local hydrogen concentrations. The objective of the planned 
investigations is to measure the hydrogen distribution in a 
multi-compartment containment. The model containment built 
I 
at Battelle under project RS 50 is to be used for this pur-
pose. The 'experimental results will be used to determine 
whether existing computer models (e •. g. RALOC) describe the 
transport processes within a real containment geometry with 
sufficient accuracy. 
2. Particular Obiectivc.!. 
). Research Pro~ram 
The scheduled research program includes seven basic experi-
ments to be per£ormed at room temperature. The hydrogen, also 
at room temperature, is fed from a single large-area source 
into a central containment compartment. The local hydrogen 
concentration is measured by numerous detectors. The experi-
ments are scheduled to last 5 hours. The experimental con-
figurations include one- and two-compartment models that ex-
tend vertically or horizontally. The following experimental 









location of the hydrogen source 
- hydrogen feed rate 
RS 246 
- geometry of the containment compartments and the connecting 
overflow openings. 
The purpose of the basic experiments is to determine the 
variation of the hydrogen concentration within one or two 
compartments as a result of diffusion and convection. 
In experiments planned for a later date (not' included in the 
above work), the influence of elevated temperatures and ther-
mal stratif'ications ldll be investigated, and measurements 
w·ill be made during and after a blowdown. 
4. Experimental Facilities, Computer Codes 
The model containment built for the RS 50 experiments is the 
most important component. The contaihment compartments used 
in the present investigations are equipped with detec.tors 
wich measure the local hydrogen concentration. The measuring 
principle is based on the .change in resistance of a bridge 
resistor following a temperature rise. The temperature rise 
results from the catalytic combustion of the hydrogen. The 
measured signals are processed and stored with the existing 
data acquisition system. 
The hydrogen supply system is operated with a bottle bat·tery. 
Pre- and post-experiment calculations are performed at the 
Gesellschaf't fiir Reaktorsicherheit in Nunich with the com-
puter code RALOC. 
5. Progress to Date 
The following work has been eomplet.ed in the report period: 
-
Planning of the instrumentation system, collection o'£ bids, 
purchase ot: the detectors 
-








-3- RS 246 
The scheduled work was delayed because o~ unexpected diffi-
culties in the RS 50 experiments, for \-rhich the same experi-
mental facilities are used. 
6. Results 
Major results are not yet available since experiments have 
not yet been conducted. 
Next Steps 
The procurement and set-up of the instrumentation should be 
completed in the next report period. In addition, the hydro-
gen supply system will be installed. 
The preliminary experiments will be planned in detail, e. g. 
modification of the data acquisition system. 
B. Relation with Other Projects 
Research activities at the Gesellschaft fur Reaktorsicherheit 
in Munich towards :further development of the computer code 
RALOC. Program RS 50 "Investigation of the phenomena occur-
ring within a multi-compartment containment following the 
rupture of a coolant pipe in a water-cooled reactor". 
'-' 9. References 
10. Degree of Availabilitv of the Reports 
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Title 1 (Original language) ClassU:icatign 
Cont~ollo del~a concentr~zione di idro- 7.3 -. 
gcno nel contenitore dopo LOCA . ... 
I 
Title 2 (English) Countrl ITALY 
' 
of Hydrogen Concentration in Sponsor CNEN and CNR 1 Control 
Containment Following a LOCA Organisation University 6f 
Pis a - CA MEN 
Date initiated 1975 Project Leader 
Date completed 1978 s. LANZA (University) I : 
Last uEdating April 1977 s. MANFREDIN.I. (CAMEN) 
1 •• General Aim 
To study hydrogen t~ansfer inside a containment· with the goal of e· 
valuating the capability of proposed devices to keep hydrogen concen 
_tration in reactor containments below the flammability limit in post-
-LOCA conditions 
\2. Particular Objectives 
... . . 
i' 








a) Molecular diffusion coefficient evaluation for air-water vapour 
mixtures in post-LOCA conditions 
b) Solution of t~e diffusion equation for PSIC0-10 geometry 
c) Influence of the turb·wcnce due to thermal gradients on hydrogen 
. mixing 
3. fXperimental Facilities and Program 
3.1 - Facilities: 
PSIC0-10 facility 
- hydrogen detection assembly 
- hydrogen injection system 
Pr~gram:· ~ 
a) a set of runs ·to study hydrogen diffusion at room tempera-
ture by injecting hydrogen-nitrogen mixtures. 
b) a set of runs to study how tlermal gradients affect hydrogen · · 
diffusion 
4. Project Status 
Item 2a was done. 
Ite~ 2b was executed for one-dimensional problems. 
A f1rst arrange~ent of the experimental equipment was carried and 










· Title 1 (Original language) 
Controllo della concentrazione di idro-
. geno nel.contenitore dopo LOCA 




Improvement of the detection performance, i.e. type and number of d~ 
tecting devices. 
,T~ end the R.T. e~perifuents.and carry out runs with thermal·gra-
dients. 
6. Reference Documents 
l. FINESCHI F., LA~ZA S. 
Una proposta per la valutazione del coeffici~nte di diffusione···. 
lecolare dell~idrogeno in aria satura di vapor d'acqua 
Istituto Impianti Nucleari ·- Pisa RP 286(77) 
2. ISTITUTO IMPIANTI NUCLEAR! 
Ricerche sui problemi relativi.al rilascio di effluenti gassosi 
negli impianti nucleari - Parte IV 
Pisa, RL 252(76) 
. 
3. ISTITUTO DI IMPIANTI NUCLEAR! 
.. 
Riccrche sui problemi relativi al rilascio di effluenti gassosi 
negli impianti nucelari .. ·Parte IV . ··. 



















NETHERLANDS ENERGY RESEARCH FOUNDATION _(E_C_fU 
TITLE: 
Advies inzake periodieke kontrole van insluitvaten 
op lekkages 1 
TITLE (ENGLISH LANGUAGE): 
Advice on periodic supervision on leakage tightness 
of containers. 
INITIATED :June 1974 LAST UPDATING : May 1978 
STATUS ending COMPLETED : end 1978 
General aim 
CLASSIFICATION: 7.4 
COUNTRY: THE NETHERLANDS 
SPONSOR: 




H.J. van Grol 
SCIENTISTS: 
J.W.H. van den Bergh 
H. Pruimboom 
To assemble data on the measurements of the leak rates on containment vessels in 
order to advise the authorities on periodic supervision of leakage performances . 
as compared to design leak rates. 
2. Particula'r objectives 
The program 'consists of: 
- making an inventory of generally used methods of leakage rate measurements in-
cluding an evaluation resulting into a general purpose method, 
-specification of main and secondary variables when measuring leakage rates, 
- performing an analysis on extrapolati.on modes in order to establish the safe 
lower limit of t.est overpressure in relation to design pressure, and 
- evaluation of experiences obtained elsewhere with measuring containment leakage 
rates. 
3. Experimental facilities:Not applicable 
4. Project status 
The activities done so far yielded the next results: 
* Preliminary Regulation on the Leak-tightness of Reactor Cont'ainments" (Draft 
in Dutch). Report ECN 0.544.01 - GR 1: January 1977. 
* "Leak Rates and Leak-tightness Predictions on Basis of Measurements' Performed 
on Reactor Containments" (Draft in Dutch}, 
r- * "Theory and Practice on the Measuring of the Leak Rate of Reactor Containments 11 
~-- (Draft in Dutch), December 9, ·1976, 
* "Summary of Anwers to the Questionnaire on Reactor Containment Leak-tightness" 
February 24, 1977 
* "Nearly completion of draft version of final report. 
5. Next and final steps ' 
Completion of a final report containing the documents mentioned under 4 and 
incorporation of comments of the sponsors on these documents and the draft 
version of the fi~al report. 
6. Relation with other projects: - 1 
7. Reference documents: See under 4 and 5 
8. Degree of availability 
The reports will be. translated in the Enlish language. They will be submitted 
to the Ministry of Social Affairs, Postbus 69, Voorburg. 
9. Budget: -
10. Personnel: 0.6 manyear 
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Untersuchunr;en zur FunktionstUc~tigkeit de.::- F.?-S 
Druckbnltcr-Sicherhoitsventile u~d -:.es Fordernde Institution/Sponsor 
.-...--·-"1 
AbbL'J.St~tanks bei Abblasen von hei.Ge:J _:-")_",.., ~ 
Dr)lc~:i·:ur.~er Auftragnehmer/Contractor 
K~_;.?:;T,rETil( UNION AG 
Investigations on the Fu-=:~.ctioning of the Reaktortech!lik 
Pres3urizer Safety Valves a:1d t:1e :iielief 
Ta::1k during Blol'rdown of Hot Pressurized R .... ?3 Erla:r.~.ge!l 7~ , 
U.8tr>r 'P .... ..., _1_ F~~rwrm 
Arbeitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Projcct Leader 
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Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Conti:1uing 3'1 • 12. 77 "''"?'" 600 I • 0 • ,-- DI•l 
1 • General Aim 
Verification of abiJdty of P\.JR pressurizer safety valves and 
relief tank to function during blo'\•1 dm·m. with hot pressurized 
\'!at er in order to be able to contr~l .~TvlS-malfunc tions "Vli th-
out additional second shut down syste~. 
2. Particular Objectives 
The aim of the experiments is pri~a~~ly the evaluation of the 
performance and in particular the co~trol o~ safety valves, 
having constructio~ and arr~~genent :eatures currently used 
with P"'.'Rs. The results are e:A-pected -:o s'ho'~:l the structural 
changes to the main safety valves, t~e control valves ru1d 
arrangements necessary i:1 order to ~e~ain t~e response 
characteristics in the event of a rapid change of phase. 
(steam-hot pressu:.~ized '\!later) of t~e blm·;do-: ... "!1 medium. 
In parallel to the above tests, the pressure build-up in the 
surge line a::1d the relief tank will 'be deteroined analytically. 
In addition, the condition of the relief t~~~ after failure 
of the rupture discs \'fill be noted. 
3. Re?earch Progra~ 
3.1 Safety valve tests 
3.1.1 Pilot valve tests 
.3.1.2 Main and pilot valve ,tests 
3.2 A.nalyticnl examination of t'he blor:do".·l~ syste:::1 










1. 1. 77- }1. 12. 77 RS 240 
4~ EXJ)er:i.mental Facili t.i~s 
Computer models have already beer.. ?::'CYideC. for the a...YlB;lytical 
work; these, ho\vever, have still to be nodified for the 
nm1 boundary conditions. 
The major corr;;>onents :plus test sa:i:;:les i·:~ic2 are necessary 
for conducting the test are availa":le a:J.d ;-:ill be modified 
to meet the specific test _require::1e::.ts. 'I::.e necessary 
quanti ties of steam and pressurize:. -:,,·at er are also available • 
. 5. Progress to Date 
Valves, tubes and molds as well as the nitrogen compressor 
w~re ordered. The necessary test nozzle on the valve test 
stand pressurizer \'Tas constructed -e.!ld· calculated. 
The preliminary test documents require~ for the NW 80 end 
nozzle of the valve test stand uressurizer '\'rere submitted 
, . . -
to TUV Miinchen·. After permission hai been received, the 
pressurizer was drilled and nozzles ·.'l'elded. 
' The required valves were delivered by Messrs. Sempell. 
Despite repeated grinding of the (valve) seat, the specified 
leak-tightness could not be achieved. with the safety control 
valve. 
Therefore the safety control val \"e ·~;as shipped back to th~ 
manufacturer f9r grinding of the sea::!.ing surfaces. In 
Juni 18, it was brought to Erla...~ge~ again. Supporting 
devices were fabricated for·main val7e, safety control valve, 
H20 channel ~~d nitrogen chruL~el (measurement channel VI). 
The rerouting of the pulse power-, control- and off-gas 
lines as well as the.heat up of the thern.ocycl~ loop was 
started. Further minor compo'nents for the test procedure 
were ordered. 
Then the final test procedure was Go::::rpl eted. 
·A. draft piping diagram \vas prepared. A change-over from 




1. 1. 77- 31. 12. 77 - 3 - RS 240 
The te.st arrangement was preliminary tested by TtlV Bayern. 
Pressure test and commissioning were performed in 
cooperation with the TUV Nlirnberg. 
The instrumentation was installed ~d measurement lines 
tested. 
Tube lines and valves were insulated. Control device for 
test stop in the event of over-pressure in the pulse 
power line (220 bar) as well as shutdmm control in the 
event that minimum water level is reached in the H2o tank 
were installed in the test facility. 
Saturated steam was applied to the safety control valve to 
.. 
adjust it to the desired opening pressure of 170 bar. A 
check-up of component functions revealed several defects 
which were corrected. 
Subsequently final commissioning of the entire test 
arrangement was started. 
Beside actuation 'tests being perforw.ed to tune the test 
arrangement to the proper safety control valve actuation 
response, a demonstration test was also performed. Nominal/ 
actual comparisons were made of the test scope, test costs 
and time schedule, considering the inposit~ons and re-
quirements which were established 1~ the neantime. The new 
test program and tbe corresponding evaluation matrix were 
completed. Then another check test ".·ras made of the expen-
ditures to be expec. ted and also: a revision of the time 
schedule. 
For calculation of the pressure build-up and temperature, 
increase present in the blO\v-down t~"'L'it during steam blo\v-
down or hot pressurized \'later, the co::::1puter program 
"ABDRUNA" (verification of blow-do·v:n container pressure) 
was developed. 
~----------------------.. ---~~~~-~----.--.. ----'-------------------------------------~--j-~ 
1. 1. 77- ,1. 12. 77 4- RS 240 
6. 
A comparison performed between mea3ured values (commissioning 
tests of NPP Unterweser) and the verification of these 
tests by the "ABDRUNA" computer prog:-a:1, shO\ved relatively 
good agreement. 
~he computer program D0!1FREI whic.~ calculates pressure 
increase in the blow-dO\vn tank do:1e during free-blowdovm, 
was modified and further developed. ?nis test modification 
allO\vs for the calculation of pressu:-e build-up in the dome 
during blow-down of water in any co~dition. 
Results 
Commissioning phase of the ~est ar::::-a:1geme::1t was completed. 
The initial steam· test sho\ved that t~e 'i'l!lole test 
arrangement is functioning well and appears to be 
representative and suitable for the ylfu~ed tests. 
The additionally planned investiga~io::J. of the conditions 
found in and at the pulse power- anc ·control line will also 
require - besides other modifications - &~ extension of 
the test arrangement. 
! 
A comparison of the available main safety valve with that 
to be used in the future, i.e. starti!lg 1..-ith NPP Grafenrhein-
feld (BAG = Bayerm.;erk 'AG), sho1.;ed t":l.at representative 
results with the currently used val·v-e in Karlstein cannot 
be plan:n.ed to be performed in Erla;.ge::1, ~~·~ere primary 
attent~on will be paid to the pile~ 7alve. Three alterna-
tives have thus been developed in Karlstein, in order 
to find out about main valves v1hic!:. :lay yield represen-
tative results. 
7. Next Steps 
The test program will be continued usi!lg steam, hot water 
and transition to hot water. 
.. 
- 5 - RS 240 
8. Relation with Other Projects 
9. References 
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KRAFTWERK UNION AG 
Protection Limitation System with Mini- Reaktortechnik 
Computers 
R 1, Erlangen 
Arbeltsbeginn/lnitiated Arbeitsende/Completed Leiler des Vorhabens/Project Leader 
1. 7- 77 30. 6. 80 w. Aleite 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 




Due to the scope ~~d complexity of task, preferably 
decentralized mini/micro computer systems will be developed 
and applied to improve the setting of process variables. 
Thereby current protection-, limitating-, monitoring-, 
and control fu,nctions will be extended and refined. It 
is the aim of the program to gain experiences on the 
development, constr~ction and operation of such a 
protection limitation system used ~ a plant. 
Part~cular Objectives 
A 4-computer system is to be installed to provide 
protection limitation from DNB and excess power density. 
Experiences gained during construction and observation of 
the system, are to be st~~dardized to such a degree that 
they may also be used for constr~ction of other systems. 
Hereby programming of diverse computers has to be con-
sidered. 
In co-operation with LRA key points will be prepared which 
will represent a contribution to assuredness, clarity and 
ease of handling and possibly to standardization of the 
computer systems. Relationships bet".'leen construction 
features and reliability data will be determined. 
0 
0 
1. 1. 77- 31- 12. 77 -2- RS 281 
3. Research Program 
3.1 Installation procedure of the 4-co~puter system 
- startup of the soft ware using the ~~DI Model 
- computer-computer coupling 
- computer self-checking, construction of the external , 
monitoring level 
transfer of the program into the QP 550 
- interface definition, cabling start-up 
- observation 
3.2 Development of portable programs (programming language) 
3-3 Model for reliability verificatio~ 
3.4 Optimization of systems by means of the reliability 
.model. 
4. Test Facilities 
5· 
In co-operation with LRA and Halde~ (AEG)-KWU has 
developed a reactor protection system for nuclear power 
plant Brunsblittel which is planned to be tested as a· 
back-up operation. 
LRA has gained extensive experience in automatic computer ·.· 
control, program analysis and reliability verification 
which will be used for the prese~t program. 
Countries such as the FRG, GB and ?r~~ce are developing 
redu.'lldant systeras which will process the coolant channel 
outrlet temperatures of LMFBR. 
Progress to Date and 6. Results 
Work was performed on the start-up of the CP 550 analog 
. . 
channel ~'lld the incorporation of the executive routines 
into the KWU~CP 550 assembler. T~e components of the , 
executive routines were tested and shiu~ed to the 
... • ' I 
























1. 1. 77- 31. 12. 77 - ; - RS 281 
7. 
Maintenance and back-up work was performed on the coupling 
program (KOCP) which controls the data exchange between 
PR 320 and CP 550. It is the aim of the work to achieve 
a simple and therefore reliable program management. 
Transfer of the DNB program into the CP 550 and test work 
was initiated. 
Next Steps 
Start-up of the measurement data acquisition - and 
processing program using the PR 320 in co-operation with 
the analog computer (ANDI-80-model, circuit model) including 
correction of the program system according to experiences 
gained. 
Installation· of the computer-computer coupling between 
PR 320 and cp:550. This coupling arrangement serves as 
start-up assistance for a Closed Loop-Computer which has 
t~ operate without a recording device. 
Transfer of the program sys~~~ into the CP 550, followed 
by 1) on-channel, 2) ·four· .~.el test- and verification 
calculations in the lab. 
Definition of interfaces of the DNB-RELEB criteria ·,, 
·covering the rema.ining monitori::J.g-, controlling-, limiti~ 
~~d protection functions in nuclear power plant Grafen- ·~ 
rheinfeld. 
8. Relation with Other Projects 
9. References 
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' 
7itre Pays ' 
FRANCE 
Test en ligne des capteurs. 
Organis:1e di.recteur 
CEA I DgCS 
I 
( a.."lgla.is) I Organisme exe~uteur Titre 
• CEA/SES-SAI 
On-line method for testing of instrumentation. 
Responsable 
SAI - Saclay 
,Date de Et at actuel Scientifiques 
:dee.rrage 01/01/77 en cours 
Date .. Derniere mise prevue 
d'ach.eve:te:c.t 01/12/80 a jour 12/77 
1 - Objectif general : 
Assurer, durant la periode d'utilisation et in situ, le controle du bon fouction-
nemeut des capteurs de natures diverses utilises daus les dispositifs de protectio~­
des reacteurs a eau pressuris~e. 
2 - Objectifs particuliers : 
Accroitre la disponibilite et la securite de fonctionnement des dispositifs de 
protection et assurer par consequent une meilleure utilisation de l'installai:ion 
globale. ' 
Etat de l'etude 
Au cours de l'annee 1977 des moyens experimentaux ont ete ~eveloppes pour 
mesurer le temps de reponse des capteurs de temperature et de debit des centrales 
a eau pressurisee. 
Une boucle de test a ete construite pour fonctionner dans les conditions de 
laboratoir'e (0° a 50°C) et pour des 'vitesses de l'eau variant entre 0 a 3 m/s. 
Une etude comparative a ete entreprise pour evaluer les performances des 





Une campagne d'essai a ite menee pour determiner l'influence de la vitesse 
du fluide sur le temps de reponse d'une boucle Rosemount 176 KF. On a mis en evi-
dence le temps limite·de reponse. 1 
Une methode de mesure du temps de reponse utilisant l'information de tempe-
rature fournie par un thermocouple rapide placl prls de la sonde, I tester a ltl 
mise au point : elle utilise les techniques de l'identification du mod!le liant 
les signaux du thermocouple et de la sonde. -
Une methode de mesure du temps de 'Feponse par les techniques d' analyse du · 
bruit naturel a egalement ete developpee. ,Elle repose sur l'analyse de Foa~ier 
et su-r la modelisation du bruit dans le domaine temporel. Cette technique a ete 
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I 
Titre Pays 
FRANCE Qualification des appareillages de mesure et des mate-
riels utilises dans un reacteur daus des conditions ~--------~----------~ Orgenisme directeur 
de fonctionnemen~ normales suivies en fin de vie d'un 
ADR. CEA/IPSN -EDF -FRA 
Titre ( anglais) Organisae executeur 
CEA -EDF -FRA . 
Qualification of class 1 E equipment for nuclear 
power plants. Respon!;able 
CEA -EDP -FJWf 
C -~;-te de ·a.ema.rrage 
1/1/78 
Eta.t a.ctuel Scienti:f'i~u.es 




-Objectif general : 
en cours 
Derniere mse 




Les etudes concernant la qualification des materiels intervenant directement dans 
.la surete des reacteurs PWR 'ont ete initiees, et menees, depuis environ de~~ ans, 




D'une part EDF (SEPTEN) en liaison avec F~~TO~m et le CEA (LCR.I~ a mis 
sur pied une premiere structure chargee de definir les conditions d'essai 
de ces materiels (ifradiation, temperature, pression, aspersion ••• ). 
j 
) , __ 
l 
-D'autre part, le CEA (SCAPR) en colla~oration avec EDF (E,R) et plus de 
vingt industriels a mis sur pied une deuxieme structure chargee de rassem-
bler les donnees experimentales· qui permettront de determiner les conditions 
d'essais et d'extrapolation des tests de qualification nucleaire. . . 
Le DSN a decide-de participer aux deux structures. Une premiere reunion generale 
a eu lieu en Juillet 1977. Au cours de cette reunion, il a ete decide de creer un 
groupe de coordination generale charge de definir les profils d'essais et d'etre in-
forme de la methodologie mise en place. La coordination generale, sur le plan de la 
surete, est assuree par.le DSN. La preparation, l'execution et l'interpretation des 
essais reste du ressort des fournisseurs, des clients et des executants • 
... / 
9/-b 
2 - Etat des etudes : 
De nom.breux polymeres (m.ateriaux organiques de synthese) entrent clans la 
~~alisation de composants utilises clans les reacteurs nucleaires (joints, cables, 
moteurs, connecteurs, relais, electrovannes, peinture, etc ••• ). Ces materiaux sont 
--, 
soumis • des agressions (temperature, pression, irradiation, attaque chimique, vi- . , 
brations, feu, etc ••• ) de fa~on permanence ou accidentelle. · . 
Depuis quelques annees, des etudes concernant les effets de ces agressions 
sont entreprises par ... n certain nombre de laboratoires tant en France qu'a l'etran-
ger en vue de la definition et de la qualification de ces materiaux dans les instal-
lations nucleaires. 
Au C.E .A. : 
a) La Section de Chimie Appliquee des Polymeres et des Rayonnements (CAPRI) 
de la Division de la Chimie a soumis a des essais de tenue a la temperature, a 
l'irradiation et a l'aspersion de nombreu.~ materiaux pour le compte d'entreprises 
exterieures ou du C.E.A. 
~ A la demande du DSN une etude sur la tenue a !'irradiation des elastomeres 
0 
au silicone a ete men~e en 1976 (rapport CAPRI N° 006 du 9/1/77), etude ayant mis 
en evidence la degradation des proprietes mecaniques de ce materiau pour des doses 
integrees relativement faibles. 
Lancee en 1917 , ·uneac.tion -: int.itulee' " Essais de .qualification nuc.leaire pour 
previsions a long terme " se poursuit. Cette etude s'inspire au depart des profils 
d'essais proposes par la no~e americaine IEEE 323, elle devrait aboutir a la defi-
nition des tests simultanes OQ sequentiels auxquels devront etre soumis tous les 
materiels utilises ·a proximite du reacteur. 
b) Le Laboratoire de Controle des Rayonnements Ionisants (LCRI) de la Division 
de la Chimie, en 1976 et 1977,dans le cadre d1une fiche d'action intitulee 
" Evaluation des appareillages utilises dans les reactet.irs nucleaires ", a determine 
les types de materiels 1 soumettre aux irradiations et defini les moyens de dosime-
trie et neutrons 1 mettre en oeuvre. 
Une fiche d'action intitulee " Qualification nucleaire des materi]ls utilises 
clans les centrales,nucleaires " a ete etablie pour 1978. Elle doit permettre au LCRI 
de participer a la preparation materielle des essais d'irradiation et a leur execu-
tion au niveau de la dosimetrie associee. 
c) Les Services d'Electronique de Saclay auxquels ont ete sous-traitees les me-
sures de l'evolution des caracteristiques electriques des cables soumis a l'irradia-
~ion au CAPRI (rapport interne SES-SAI 77/185) 
Dans le cadre de la fiche action etablie pour 1978 et intitulee " Definition 
des essais de vieillissement sous irradiation " ils procederont, a la demande du DSN, 
a la definition des conditions d'essais et aux mesures ele~triques sur les cables bas 






3- Relation avec d'autres etudes : 
Cette action regroupe les actions suivan;es 
143-1-03- Essais de qualification nucleaire pour previsions a long terme 
(materiaux polymeriques) 
143-I-04- Definition des essais de vieillissement sous irradiation. 
143-I-05- Appareillages de mesures utilises dans les re'acteurs· nucleaires. 
4 -· Informations additionnelles 




'l'AULEAU I . 




DSN EDF - SEPTEN (fourni~~;eur LCR1-CM'H1 
Coordination genera le .,. X ~ 
Definition ,}es ambiances dans les reacteurs X X )(; 
lnlerpretation et elaboration de nonnes X X )(; 
Definition des profils d'essais -X )(; )(; @-
l1 d~parati,on materielle t.les essais V )(; x--
l!xecution des ess:1is . . 
'l'cmpera tu're X x--
Press ion X *--
Irradiation x-
At taque chimique X.. x-
Vibrations~seismes - X x-
lleu X x-
Mcsures liees aux essais : mccaniques V X x--
iHectriques X x-
dosimetrie x-
Redaction des P.V. d'essais )( X ><-
2cme structure 
-
CEA-DSN EdF-E.R. FRAMATOHE CEA-CAPRI CEA-SES FABRICJ 
Coordination generale (amb-iances-normes d'essais·etc ••• ) V X ., 8 ~! ! 
!•reparation des essaij , I groupes de travail X X .. J Choix des materiels 
-
Execution des cssais ' X El I I 
Rcdaction des 1•. V. d'cssais .. I 
I 
Grou~es de travail . • 
-
l o I ·ntoteurs et isolants participant de I lC t,lein droit 
' 
20/ joints-p'i eees IIICCCll\ iques-raccordemen ts-conncX ;~)1\S) ~ membrc invite - conseillcr technique du DSN I 30/ matcriels d'nutomatisme indus trie 1.t> . initiateur de !'operation 
,, o I dibles ~ sous trai.tance technique 50/ peintures I ii titre d • ob se rva tent· . -
I "-.!). 
'-
. - \le) 
-- -~-..-.. ---- --·:"-~ __ ._..,.. ·--- .. ,.,.. ~------- ........ --------·------- -- _, . ~ 
-- -- ----. --.... ,....---~-- >r::: 
( 
. -----------------------------------------------
-! 1143-1 -03 8 
! 
Pa:rs ! Titre - -I i ' FR.tUiCE l Essais de qualification nucleaire 
I pour prevision a long terme (materiaux po~yme::iques) Crga.nis:e directeur CEA I DgCS I ; 
I ( a.:1gla.is) Orga.nisce executeur Titre 






Date de Et at actuel Scienti!iq;~.:.es 
. c:' ) e::::lar:Oage 1 I 4177 en cours 
Date ... Derniere :dse prevue 
d'achevl!!l:ent t I 1 18 2 .... . a. JOur l'J.I77 
1 - Objectif general 
Determiner les conditions d'essais acceleres permettant d'evalu~r la duree de vie 
d'un materiau plastique sdumis au vieillissement sous irradiation et a l'epreuve 
du feu. 
&assembler les informations relatives a divers ~ateriaux plastiques SOUMiS a de 
telles actions, materiaux d'usage courant dans les installations nucleaires. 
··.o 
--2 - Objectifs particuliers 
Determiner !'evolution dans le temps de-materiaux au cours du service norm~l 
(40 ans a 101 ou to2 rad. h - 1) suivi d'un ADR se produisant en fin de vie 
106 rad. h-1). 
- Les essais porteront sur les materiaux constituant les cables, les joints et pie-
ces m~caniques, 'tes moteurs, les automatismes, les connecteurs • 
... / 
3 - Installations exp~rimentales et prosra=me 
- Laboratoires de chimie macromoleculaire de physico-chimie et d'essai des 
plastiques 
- Sources de cobalt de 20.000 et 200.000 Ci 
- Accelerateurs de 0,5 ~ 3 Mev et de 300 hV 
4- Etat de l'etudes : 
0 
Un groupe d'etude a ete mis en place comprenant : 
- un comite de coordination 
- 5 groupes de travail par faMille de produits, a savoir 
- moteurs et isolants. 
- joints-pieces mecaniques-materiel de raccordement et connexions. 
- materiels d'automatismes industriels. 
- cables. 
- peintures. 
Un profil d'essai EDF, adopte a titre provisoire et module suivant la duree 
reelle d'utilisat;ion a eta etabli par produit. 
- Chaque groupe de travail a selectionne les materiaux et materials l soumettre 
au."< essais. 
- Des equipements ant ete acquis en plus des irradiateurs au cobalt 60 (20.000 et 
156 000 Ci) : 
, r 
fours '. 
analyseurs de gaz de radiolyse 
dynamometres pour essais mecaniques 
-materials pour les contrSles electriques •· · 
Les materiaux ont ete rassembles et conditionnes en vue des mises e~ irradiation 
<:) Les premiers essais sont prevus pour le debut de 1978. 
5 - Prochaines etapes 
Realisation des differences sequences d'essais sur les materiaux. 
- D~pouillement, analyse des resultats et conclusions. 
6 - Relation avec d'autres etudes : 
Cette action entre dans le cadre plus general de la fiche d'action : 
"Qualification des appareillages de mesure et des materials utilises dans un reac-
teur, dans des conditions de fonctionnement normales suivies en fin de vie d'un ADR." 
... / 
( 
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Definition des essais 'de vieillissement sous 
irradiation ·.des composants de circuits de securite Organh::t:e direc:teur 
et de controle. CEA I DgGS 
Titre ( a.."lglai s ) Organisme exec:uteur 
CEA/SES- Saclay 
Definition of ageing qualification tests. 
Res:ponsa'ble 
S'ES - Saclay 
Date 4e Et at actuel Scientif'iques 
., de:12-..-zoa.ge 01/04/77 en cours ' 
Date "" Der.:1iere mise :prevue 
d'ac::!!eve:te!lt 01/01/82_ a jour 12/77 
- Objectif general : 
Le bon fonctionnement des ensembles de securite et de controle neutronique des 
. reacteurs impli-que que certaines caracteris~iques particulieres des composants 
entrant dans la composition de ces ensembles de mesure soient respectees. Il 
s'agit par exemple du potentiel de microclaquage, de la porosite des isolants,etc. 
En genera~, les essais apres que les composants aient ete soumis aux cont~:aintes 
ne comportent pas de mesures de la modification de ces caracteristiques. Il im-
porte done de developper les methodes permettant de combler cette lacune. 
2 - Objectifs particuliers 
Avant l'application aux composants des conditions d'environnement da l'accident de 
reference, il faut faire subir a ces derniers un vieillissement accelere simulant 
le vieillissement normal en ambiance de centrale pendant 40 ans. La· methode 
de vieillissement accelere pour etre valable devra correspondre a une alteration 
des caracteristiques specifiques determinees ?ar rapport a la fonction que le coo~ 
posant doit assurer. Suivant !'utilisation qui en est faite, le o~ tes critares de 
vieillissement d'un element peuvent etre tres varies : Par exemple, le critere de-
terminant la duree de vie d'un cable d'alimentation ne peut pas etre 1~ meme que ce-
lui d'un cable vehiculant les impulsions issues d'un detecteur. ' 
Dans cette action, on se propose d.e travailler en collaboration avec les equipes 
chargees des etudes de vieillissement .accelere et des irradiations pour examiner ~i 
les methodes proposees seront valables pour les materiels entrant dans le. controle 
neutronique et la securite des reacteurs. On etablira des methodes d'essais apres 
vieillissement accelere. En dehors de~ mesures classiques (tenue mecanique, rigidite 
... / 
I 
cti8lectrique, etc.) e.ffactuees sur certains- composants soumis' i 1 r ADR, il importe, 
~n particulier pour les cables, de faire des mesures particulieres pou; ceux en-
t:-ant clans la composition des ensembles de securite. Ces mesures font appel a des 
techniques speciales ignorees pour~es applications classiques. 
Il s'agit par exemple de mesurer dans les isolants l'apparition de microdecharges 
dent l'amplitude est de l'ordre de to-13c et qui peuvent itre prises en compte au 
meme titre que les impulsions dues aux neutrons venant du d&tacteur. Le viaillisse-
oent des alliages entrant dans la composition du blindage des cables doit Egalement 
~tre contr61e (mesure d'impedance de transfert) etc. 
Des appareillages permettant d'effectuer les essais doiv.ent etre developpes et les 
methodes de mesure etudiees et misesau point. 
4- Etat de l'etude : 
0 
essais effectues sur des echantillons de cables de puissance ayant subi les 
contraintes thermodynamiques et d'irradiation correspondant au vieillissement 
et a l'ADR. 
(Etude de l'evolution de la resistance d'isolement, de la rigidite dielectrique, 
de la tension de claquage) 
- Essais en cours de tenue au feu de cables suivant le's·-names NFC 32070. 
5- l'rochaines etapes : 
- poursuite d~la mise au point des methodes de mesure des caracte;istiques eleceri-
ques des materiaux et materials ayan't subi des contraintes thermodynamiques et 
d'irradiation. 
-Participation a !'elaboration de normes de qualification electrique.de materiaux 
et materials ayant subi ces contraint~s. 
6- Relation avec d'autres etudes : 
Cette action entre dans le cadre plus general de ·la fiehe d~-action .: Qualificat'ion 
des appareillages de mesures et des materials utilises dans un reacteur dans des 
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' Titre • Pays 
Qualification des FRANCE 
apparei llages de tnesure utilises dans les reacteurs 
nucleaires. Realisation des essais . Orga.nisme directeur 
CEA 
Titre (a.nglais) Orga.nis:e executeur 
CEA/DRIS-LCRI 
Measure instrumentation in nuclear reactors. 
Responsabl~ 
- . 
LCRI - Saclav 
Da.te de Et at a.ctuel Scientitiques 
"c.e:1a.rr:age 01/01/75 en cours 
I 
Date pre ... -ue Der:1iere mise 
d 'ache•reme~t 31/12/ 82 .. . a. JOur 12/77. ---
1 - Objectif general : 
Evaluer les materiels utilises dans les reacteurs PWR sous ambiance de rayonnement 
__ gamma et neutrons~ et en ambiance d'accident (LOCA-ECCS) 
(j - Objectifs particuliers : 
··· Les essais porteront sur des capteurs de press ion et de temperature~ des cables, 
des vannes et des moteurs. 
3 - Installations experimentales et programme : 
TRITON CAPRI 
Enceintes pour realiser des ambiances d'accidents. 
. .. / 
•"" 
4 - Etat de l'etude : 
- Les caracterist~ques d'ambiance et les m'thodes de simulation de ces ambiances 
sont en cours de definition. 
- Les methodes dosimetriques sont choisies (film au triacetate de cellulose). 
5 - Prochaines etapes 
- Participation a l'etude et a la realisation des enceintes pour les essais 
thermodynamiques et d'irradiation. 
<:} - Choix des materials a essayer, des conditions et des saquences d'essais. 
-Participation a l'execution des essais (dosimetrie). 
6 -,Relation avec d'autres etpdes : 
Cette action entre dans le cadre plus general de la fiche d'action : 
uQualification des appareillages de mesure et des materials utilises dans un reac-
teur dans des conditions de fonctionnement normales suivies en fin de:vie d'un ADP..." 
- ,--"'. - Doct.m1ents de reference 
\...,..I 
















Etude du comportement des cables auto-extinguibles 
aux silicones lors d'un A..D.R. Organisme directeur 
CEA/DSN 
. 
Titre { a.r.gl a.i s ) Organisme executeur 
CEA/DC~-SCAFR 
Study of method for 1aging qualification of silicons Sac lay 
non flamme propagating cable. ~Respocsable 
-
DSN- SE!SSR- Fontenar 
Date de Et at actue-l Scienti!'iques. 
· ) de:tarrage 01/06/7.& en cours 
. 
. (DCA) 
Date prevue Derniere mise 
d'a.ch.eve:tent 01/01/79 ... . 1/78. a JOur 
1 - Objectif general 
Determination des cinetiques de vieillissement des cibles aux silicones sous 
irradiation. 
\J - Objectifs particuliers : 
!enue des cables auto-extinguibles aux silicones au feu.et a·l'A.D.R. dans un 
reacteur Pt~ et dans un reaceeur a neu~rons rapides. 
4- Etat de t'etude : 
L'etude de l'evolution des consommations d'oxygene a ete realisee sur 
4 echantillons : 
elastomere methyl vinyl silicone. 
elastomere methyl phenyl vinyl silicone. 
gamme a base methyl phenyl vinyl silicone. 
elastomere methyl phenyl silicone. 
. .. / 
.. 
~~-l 
Les debits de dose etaient de 104, 10S ~t 3.105 rad. h-l. 
La dose integree etait de 3~ Mrad coupee par une phase de vieillissement tnermique 
de 240 heures a 135°C. 
La consommation d'oxygene semble varier peu en fonction du debit de dose et les 
essais de vieillissement pourraient etre effectues au debit de dose maxima de 
3.105 rad. h-I 
S - Prochaines etapes : 
0 
-Etude de l'evolution des caracteristiques mecaniques et electriques des ~teriaux 
soumis aux contraintes thermodyuamiques et d'irradiations correspondant au vieillis-
sement a l'A.D.R. (en association avec les .S.E.S. pour les mesures el~ctriques). 
-Evaluation des qualites d:auto-extinguibilite. 
·6 - Relation avec d'autres etudes : 
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I Tit.re Pays 
l Criteres de suret~ pour l'util~sation des syatlmes fRANC! 
sequentiels dans le systeme de protection. Organis:t:le directeur 
CEA / DgCS 
Titre (a.nglais) 0 . " rgan~s~e executeur 
CEA/SES-(Saclay) 
S~fety criteria_for using microprocessor in the 
! ,' 
protection system. Responsal:Jle -
. 
-
-· . .. 
. SES-Saclay 
Date de Et at actuel Scient_i:f.'iques 
. 
::an-age 01 [01 /77 . a lancer ( 
' 
Date " Deruiere mise prev-J.e 
d'a.c:!:leve:e!lt 01/02/79 .... . 15/02/77 a. Jour 
L '1 -_Objecti£ general 
Mise au point··d'une procedure permetta.nt de s'assurer de la fiabilite des logi-
ciels utilises dans les systemes de protection par calculateurs numeriques. 
~ Objectifs partieuliers : 
Mise au point de procedures de test .pour la qualification du losiciel au cours de 
son--elaboration. Mise au point de syst:lmes d.a clltection de pannes aur le produir 
final de.fa~on a obtenir un fonctionnement "FAIL SAFE" 
3- Etat de-l'etude: 
eY!~£~~~~~-a £~-i~! ~ Un systeme est en cours de developpement·au laboratoire 
pour etudier le probleme du dialogue entre de~~ calcula-
teurs au moyens d'une unite d1echange. 
l'essai de la maquette est prevue en septembre 78 • 
. . . / 
-
.,lf r rochaines e tapes 
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Utilisation de calcula~eurs dans les systlmes de FRANCE 
protection. Organis:1e directeur 
CEA I DgCS 
'I'itre (a.nglais) Organisme e.xecuteu: 
CEAILETI (GRENOBLE) 
Use of computers in protection system 
Responsa.ble 
-
LETI - Grenoble 
Da.te C.e Eta.t actuel Scientit'iques 
,_, 
.ema.r:ra.ge 1 It /75 en cours 
Da.te ... Der:Uere mise prevue 
d'a.cheve::tent 1/1 I so ... . 12/77 a JOur 
'. 
- Objectif general : 
Mise· au point d'un systeme de surveillance des parametres ~portants pour la 
sure.te a base de micro-processeurs. 
("' 
... ..- Obj ectifs particuliers : 
Les calculateurs classiques n'etant.pas fiables pour un systeme de protection, 
on est done conduit a appliquer la technique de redondance en utilisant une 
configuration a plusieurs calculateurs qui conserVe un fonctionnement correct 
meme en cas de panne d'un ou plusieurs elements. 
La configuration retenue utilise 3 calculateurs associes a un organe de deci-
sion en 2/3. 
Les calculateurs possedent un systeme de contrSle en marche de son bon fonc-
tionnemen~ Lorsqu'il detectera une defaillance susceptible de mettre en cause 
l'accamplissement d'une fonction de protection, ce systeme met le calculateur 
hors service, en panne sure, et transmet les informations rel~tives a la de-
faillance et aux actions entreprises pour en limiter les eonseque'nces • 
... / 
~- Etat de l'etude 
0 
() 
a - oateriel 
b 
Le ~ouplage e~tre.l'organe de decision en 2/3 et un calculateur a ete reaiise 
courant 1976. La mise en oe~vre de cet ensemble et les essais qui ont suivi 
ont permis de d~gager les conclusions suivantes : 
- Il semble interessant de pouvoir etendre l'organe de decision a des systemes ' 
a 4 elements et d'adopter une logique en 2/4. 
Il est souhaitable d'ameliorer la· fi,abilite de l'organe C.e decision actual. 
Deux aspects sent particulierement consideres : 
1 -Tout en gardant la possibilite d'un test permanent de l'organe de deci-
sion, l'autotest devra etre realise de maniere a le.rendre, si possi-
ble, d'une complexite et d'une fiabilite comparable a celle de l'organe 
de decision. · 
2 - Une meilleure protection de cet organe de decision vis-a~vis des parasi-
tes exterieurs est envisagee par l'adjonction d'interfaces realisant son 
isolement. 
Les etudes seroc.t poursuivies dans ce sens courant 1978. 
logiciel 
Les act~vit&s ont ete menees dans trois directions : 
- Definition d'un ensemble de regles relatives a la structuration du logiciel 
et a son ecriture. Ce travail a eta concretise par la redactio~ d'un docu-
ment au cours du premier trimestre 1977. 
- Analyse et definition de la structure globale du systeme informatique a rea-
liser dans le cadre du projet. 
L'organisation retenue es~de type multitaches comportant une tache de con-
trole de !'application (traitements et elaboration de la decision), une tache 
de test, des taches d'echanges et le moniteur de controle du systeme · · 
(initialisation, alarme, gestion.des peripheriques, gestion des requetes su-
perviseur). 
Les liaisons entre les divers elements ont eta definies. La programmation du 
systeme sera entreprise des le debut 1978. 
-
Definition et realisation d'un logiciel de transmission entre calculateurs. ---
ta real~sation de la maquette met en oeuvre 3 processeurs (1 Solar 40 - 2 
Solars 05). Seul le premier processeur dispose des moyens materials et logi-
ciels d'interface avec l'operateur. Dans une prem~ere phase, !'acquisition 
des mesures· et etats sera simulee et generee par SOLAR 40 qui offre une 
puissance de calcul superieure. L'ensemble de ces informations sera trans-
mise aux autres processeurs par telechargement. 
Pour realiser ces fonctions et pou~ faciliter !'utilisation des Solar 05, le 
couplage ent~e les calculateurs a ete realise par liaison asynchrone. Divers 
modes de fonctionnements ont ete testes. Le logiciel de gestion d~s· echanges 
a ete defini, sa programmation,est en cours. 
L'ensemble de ce logiciel devrait etre operationnel dans un delai d'environ 
2 mois. Il sera par la suite integra au systeme implante ·sur la maquette • 






S - Prochaines etapes : 
0 
c) Etudes sur la fiabilite des modules et comuosants a utiliser et surtout sur 
la securite et disponibilite du systeme entier choisi. 
Ces etudes montreront sans doute encore des points faibles dans le systeme 
qui doivent itre iliminls par la suite et ils devront fournir la'preuve de la 
capacite du systeme a remplir les ~~igences demand~es. 
d) Un prototype du systeme entier informatique doit etre realise et entierement 
teste a l'aide d'un dispositif de test, par exemple un calculateur hybride 
,~ qui permettrait d'effectuer, en principe toutes les combinaisons des va-
leurs d'entree, mais en fait, a cause du grand nombre des combinaisons (to64), 
seulement une petite partie de ces possibilites. 
e) Statistique des defaillances deja apparues qui permettrait ensemble avec une 
etude des defaillances (arbres de .defaillance, ambiguite des defaillances, 
probabilite d'occur.rence des defaillances particulieres, etc ••• ) d'ameliorer 
encore le systeme entier. 










Hethodes et appareillages d'essais ·pour le controle 
de l'instrumentation. Orga.nis:1e directe'.l: 
I CEA I J)g t:S 
Titre (a.nglais) Organisme executeur 
Methods and test devices for instrumentation control. CEA/SES (Saclay) 
~ . .. ,_. 
ResllOllsa."cle 
-
SES - Saclay 
Date de Et at a.ctuel Scienti!"iques 
\ d~:::na.:"ra.ge 01/01/74 en cours 
' 
Da.te pr~vue Derniere-·mise---
d.'acheve::ent 01/12/78 .. . a. Jour 12/77 
l - Objecti£ general : 
Controle de la susceptibilite aux perturbations electriques des installations 
de controle neutronique et de detection de ~upture de gaine. Methode de mesure 
de microphonia et microclaquage. 
--._, 
v 
2.- Objectifs particuliers : 
~---~.' 
Etablissement de normes sur les niveaux de perturbations electriques acceptables 
pour l'instrumentation (capteur, cible) entrant dans le systeme de protectio~. 
4 - Etat des etudes : 
Les mesures effectuees en 1976 sur la tranche I de Fessenheim ont ete poursuivies 
en 1977 sur .. la tranche II •. 
Elles ont permis de conclure que : . 
. -les reponses obtenues sur le.materiel equipant les 2 tranches etaient similaires •.. 
- la protection des equipements vis a vis. des perturbation& electriques etait 
satisfaisante. . 
.... / 
L'immunite aux parasites est a present caracterisee par l'attenuation du courant 
gaine de preference a l'impedance de transferts. Une protection suffisante corres-
pond a une attenuation minima du courant gaine de 100 d~. A titre indicatif les va-. 
leurs mesurees sur Fessenheim pour les differentes cha!nes vont de 112 a 116 dB. 
La methode adoptee pour effectuer les mesures sur Fessenheim II a ete alleg~e par 
rapport a celle utilisee sur Fessenheim I, grace a l'emploi d'un analyseur de 
spectre. Le temps des essais se trouve considerablement raccourci et la precision. 
des mesures augmentee. 
5 - Prochaines etapes 
() 
.Etablissement de normes pour la sensibilite aux parasites des cha!nes de mesure 
entrant dans le systime de protection. 
.1 - Documents de reference 
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Pays 
FRANCE 
Verification des chaines de mesures neutroniques. 
Orga.nis:le directeur 
Titre (anglais) 
Checking of nuclear instrumentation. 
Date de 
· ie1:1arra.ge 01/01/76 
Da.te , prevue 
d'a.c!levem.ent 31/12/78 















- Determiner, le temps de reponse des chatnes de mesures nucleaires pour diffe-
rents accroissements de re·ac:tivite, afin de verifier que le materiel est apte 
·a remplir ses fonc:tions lors d'ac:cidents sur un reac:teur donne. 
·- Ver.ifier-la precision et la linearite des c:hatnes de mesures nucleaires. 
2 - Objec:tifs partic:uliers 
Mesure des caracteristiques des diverses tensions de sortie d'une c:haine lin-lo~ 
pour courant continu type SPALIS B13 et d'une c:haine periodemetre a impulsions 
et fluctuations type SPIFSBl c~mprenant·u~e voie SPISBS et une voie SPFSB2 • 
. . . / 
4 - Etat de l'~tude 
tn r~tard a ete pris et l'action devrait se terminer courant 78 ; le financement· 
est des a present assure puisqu'il a ete deja programme en 1976 et 1977~ 
5 - Prochaines etapes 
() 
Des essais seront effectues en vraie grandeur sur le reacteur source ~~ON!E, 
s~ecialement con~u pour des mises au point et des etalonnages d'instrume~ts 
nucleaires dans des spectres de neutrons rapides ou thermiques. · 
La chaine neutronique a tester sera situee dans la salle experimentataur ou dans 
le hail pile a temperature et hygrometrie ambiante, soit environ 20• C et humi-
dite relative 70% , duree de fonctionnement prealable 30 mn, circuits de tarages 
et calibrages verifies avant l'experience, position normale d'utilisation. · 
On s'assurera qu'aucune induction magnetique ou champ electromagnetique, ne vien-
dra perturber les mesures. · 
:7 - Documents de reference · .-disponibles 
0 
" Ensemble de mesure neutr:onique a grande dynal,Iliq~e - combinaison impulsion 
fluctuation.", Y. PLAIGE, VO MAJ-VUONG- Bulletin d'Informations Scientifiques 








' Essais des ~e demarrage des centrales PWR. I compteurs 
I (vieilissement) Orga.oisme directeur 
CEA/DSN 
Titre ( ar.g].a.is) Organis::te executeur 
CEA/SES (Saclay) 





.Date de Eta.t a.ctuel Scienti£iques 
'demarrage 01/06/76 en cours 
-
. -
... , : (SES) 
-
Da.te prevue Der:o.iere mise 
d'a.cheve:~ent 31/12/78 a jour 12/77 I 
. 
• 
1 - Objectif general : 
Essais de fiabilite des compteurs equipant les cha.ines de demarrage des Pw~, dana 
les conditions specifiques d'utilisation. 
j ~ - Objectifs particuliers : 
Comparaison des compteurs BF3 et des compteurs a depot de bora. 
~- Etat de l'etude : 
L'irradiation dans le reacteur TRITON a montre : 
- que les compteurs BF3, ont fonctionne correctement jusqu'a des flux integr~s 
de l'ordre de 2.1016 n/cm3. Ensuite des phenomenes de microclaquage sont apparus 
et les essais ont du etre interrompus. 
. .. / 
- Par contre les eompteurs l d'pSt de bore n'ont pas r'pondu aux ••p,ranc••· 
En effet des fuites dues a des phenomenes de corrosion sont: apparu·es l des 
flux de l'ordre de 1015 n/cm3. 
Un rapport d'essai para!tra prochainement et. explicitera tous ces ·phenomenes. 
5.- Prochaines etapes 
(1 
I1 est necessaire de revoir la conception de s··co~pteurs l depO-t de· bore. De ·nou-












I .... 1 
TITLE 1 (original lancua~e) Classification 
Dia.gnostioa e Siourezza tramite An&l.isi 8 14 . 
-di Rumore 
TITLB 2 (cnclish) Country: J:'f.ALY 
·• 
React·or Safety Studies Sponsor: CNEN . 
Via Noise ~al,ysis .. Organisa ti·on: CNEN 
' 
. 
Uat.e initiated' 1/1/1975 l)ro~oct Leader· ~ 
. 
Uate completed in progress F • Norelli . ' . I 




-- ..... -. ..... . . ; 
1.. General a.im. Correct performance of in-core and ex-core in-
strumentation to safety monitoring and early'deteotion of ab-
normal operating oonditipns an~o~·malfunctions. 
2. Particular objectives : 
, ... 
2.1 Set-up of a general theory for multi-detector reactor noise 
:analysis in ergodic ~onditions, non equilibrium conditions and 
dUring pulsed experiments. 
2.2 Expe~imentai determination of nuclear reactor kinetic 
parameters·and control of multiplying assemblies that must be 
kept su,bcritical. · . · · 
2.3 Design arid realization of special instrumentation: .Stochastic 
~dicator Meters. 
\. 
2.4 Set-up of calculational codes for analYzing data from various 
types of sensors. 
Experimental facilities 1 four light-water reactors (.RANA, RO 
SPO, RIT~O, TRIGA) and.a copper-reflected highly~enriched-uranium 
fast reactor (TAPIRO). 
4• Project status': , 
4.1 A unified theo.ry of re.actor neutron noise analysis techniq~es 
-has been developed. It is shown ,t·o generate all the' neutron noise· 
analysis t'eclmiques (ea 20) developed in 30 ·years of. nuclear 
reactor physics. · 
4.2 A Stochastic Indicator Meter for aigital oignals has been 
·developed and will be o~era~ed within the end o~ 1976 • 
. . . 
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Next step~ : ..... ·' . : : 




·5 .• 1 The general theory wili soon:. be expanded. :to include problems 
related: to ·heat transfer and to :a prelimjn&.ry.'"analysis .of mW.ti-
zone model reactor. · .. 
: 
I ' 5.2·A Stochastic Indicator Meter for analog signals will' be r~alize!i-'within the first .semester of 1977. · · ' 
. ' ' I' 
... 
• Relation to other projects : 
Terms of cooperation are going to be·defined·with·4B Ato~ 
energy (Sweden)., Halden Project· (Norway); OEA (F.ranoe). 
.. . 
. 7. Reference documents : 
N. PACILIO, V .~7. · JORIO, F~NORELLI, R •. MOSI~LO, A.COLOMBINO 
Toward a unified theory of reactor neutron noise analysis 
techniques - Annals of Nuclear Energy (in print)~ 
R.MOSIELLO- Due algoritmi per il calcolo'della derivata· 
n-esima di una funzione composta- CNEN Report·. RT/FI (75) 12. 
R.MOSIELLO·- DERN: un p;ogr~ pe~ il c~colo.della derivata· 
n-esima di una funzione composta - ONEN Report RT/.FI (75) 13 •. 
F.NORELLI, R.MOSIELI,O - NORMOS : un prOSzoa.III:1JlB. pe; il metodo di"' 
ina.ssima somiglianza ~ ONEN Report RT/FI (76) • 
. : 
,• 
8.· Degree of availability : .. 
Documents· are not classified material, they-. can .be·. requested 
~rom one of.the authors'by the following address: 
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Title 1 (Original language) Classification 
Diagnostica e Sicurezza u:amite Analisi di Ru- iil- 14 more {Parte A) 
Title 2 (English) Countr~ ITALY 
• Safety and Diagnostics Via Noise Analysis S:eonsor CNEN (Part.A) . .. Organisation 
·CNEN 
" 
Date 'initiated 1/1/1975 Project Leader 
Date compleh~d in progress N. Pacilio 
Last UEdating June 1977 
··.11· . ;. 1. General aim . , ... '·. ·; 
t '"!\ ... ' 
Correct performance of in-cor~ and ex-core instrumentation for safety 
m:mitoring and early detection of abnormal operating conditions and/ or 
malfunctions. 
2.· Particular objectives 
2.1. Set-up of ~·reneral theory for multi-detector. reactor noise analy'sis 
in ergodic conditlons, non-c;:quilibrium conditions and during pulsed 
experiments. 
2. 2. Set-up of calculational codes for analyzing data from various types 
of sensors. 
:3. Experimental facilities 
' Light-water reactors {RANA, RITMO, TRIGA) and a copper-reflected 
highly-enriched-uranium fast reactor (TAPIRO). · 
4. · Project status 
A unified theory .of reactor neutron noise analysis techniques has been 
developed. It· is shown to generate all the neutron noise analysis techni .. 
ques (ea 20) developed in 30 years of 1?-uclear reactor physics. 
. s.· Next steps . 
The general theory will soon be expanded to include problems related to .. · 
heat transfer and to a preliminary analysis of multizone model reactor •. 
6. Relation to other projects 
Terms of cooperation are going to be defined with Caorso (AMN·ENEL),, 
Halden Project (Norway), CEA (France).·· 
. ) ... 
'. ' 
\: ·. : '·· 
' ·~w ........ , ... A ... " .. -·-·--..:----··-· -- __ ..,._ •, 
I • , ....... ,., • ... - .,-~ ..... r ·~ ----··~· - ___ , ..... ,.., .. ...,_:;::::::.....--• -,· .... ~~::-:-..::::::.: .... ,.,,,.~,..•••-·•• ''"' ._,.. .. •·-~~ ..... ,..,.,. __ ,,._ -- --:..::..:::=.:.::.:.:..::=-:.:-:...~"' 
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· Title 1 (Original language)' Classification I I . 
Diagnostica e Si.curez~a tramite Analisi 






· 7. Reference documents I. 
... 
.. 
N. PACILIO, V.M~ JOR10, F. NORELLI, R. MQSIELLO, A. COLOMBINO. 
Toward a unified theory of reactor neutron noise analysis techriiques .. 
Annals ofNuclear Energy,· !• 239 (1976). 
' 
' i' 
s.· Degree of availability 
I 
Documents are not cl!issified material, they can be requested from one 
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Title 1 (Original language) Cl~ssification 
Diagnostica e Sicurezza tramite Analisi di 
'[j- 'i4 Rumore (Parte B) 
Title 2 (English) Countrl ITALY 
Safety and Diagnostics Via Noise Analysis SEonsor CNEN 
· (Part B) 
. Organisation CNEN 
" 
.Date initiated 1/1/1976 Project Leader 
Date com2leted in progress 
A. Serra 
Last UEdating June 1977 
1. General aim 
Correct performance of in-core and ex-core instrumentation for safety 
nx:mitoring and early detection of abnormal operating conditions and/ or 
malfun~tions. 
' 
·. 2. Particular objectives 
2. 1. Experimental determination of nuclear reactor kinetic parameters anq 
control of multiplying asse~blies that must be. kept subcritical. 1 
2. 2. Design and realization ·or special instrumentation: Stochastic Indi-
cator Meters. 
3. F.~erimental facilities 
Light-water reactors (RANA, RITMO, TRIGA) and a copper-reflected 
, hi ghly-enriched-uranium fast reactor (T APIRO). 
4. Project status 
Stochastic Indicator Meters for digital signals have bef?n developed an.d 
will be operated within the end of 1977. 
5. Next steEs 
5.1. Instrumentation for (1) measuring ti~e constants and dynamic charact~ 
ristics of reactor systems; (2) assessing correct operation and diaenosing 
expected or unexpected malfWlctions ~n.measuring ,apparati. · 
: 5. 2. Self-checking instrumentation for· nuclear particle detection appilrati. 
. . . . 
5. 3. A Stochastic Indicator Meter for ana~og signals _will be realized 
within 1977. 
. . 
. .. . 
' I • 
·---~-~------.,__..;.....~-----·--":""---·-.;... --·· .. ----· ---~-










. Title 1 {Original language) 
Diagnostica e Sicurezza tramite ·Analisi di 
'Rum ore (Parte B) 
6. Relation to other projects 
Classification 
8- 14 
Terms of cooperation are· going to be defined with Caorso (AlV!N-E!fEL), 
Halden Project. (Nor way), CEA (France). · 
7. Degree of availability 
Documents are not classified material, they can be request~d frorri one of 
the authors by the following address: RIT, CSN-Casaecia, C.P. 2400, 
. Rome, Italy •. · 
.. 
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Title 1 (Original language) Classifica!ion 
Sistema di oontrollo di reatt:Ori don barre 
bifac:;i . ' ~ 
Title 2 (English) Country ITALY 





Date initiated 1965 Project Leader 
Date completed 1976 U'lM (CISE) 
Last updating April 1977 
. 
l.. General aim: develop:rent of a new control system for pressure tube reactors. 
Reactivity oontr?l is obtained by density variation of a t\0-phase mixture 
(borated water arid oxygen) flowing in vertical U-tubes through the reactor 
co:r.e. 
3~· Exper.i.Irental facilities aJlSl Programre 
3.1. Experimental,facilitie~ 
BB2:out of pi~e facility simulating one control rod. 
BB3: facility having two oontrol rOds operating in RB 3 reactor (Montecuc-
oolJno - Bologna, CNEN) 
3.2. PrQg!~ 
- Tests for detennining steady state features of two-phase rod sY'stem. 
Dynamic be."'laviour of the two-phase ·control system in open loop operation. 
· - OVerall tests of the oontrol system in an actual reactor (at zero power) • 
' 0 
. ·- . Codes developrent for predicting purJ;QOses • 
· · . 4. Project status 
The 9Verall prograrnne has been carpleted. The feasibility of the ne>~~ control . 
system has been s~ and ·the design features have been enhanced. · 
6. ·.Reference documents 
· l) M. Luminari, G. Masini, F.A. Tacconi " SViluppo del sistema a f:l:uido 
bifase per la regolazione rapida della potenza neutronica del rea·i:tore. 
prototipo CIRENE: inpianto fuori pila BB-2" CISE R-300, 1970 • 
. 2) C.A. Marchiondelli, G. Masini, M. Perego, F.A. Tacooni'~Sistana delle 
Barre Bifasi: inpiant:O prototipo BB-3 per le prove qi controllo di un 
reattore a potenza zero" CISE R-337, 1973. 
3) F.A. Tacconi "Il proqramna BUANA ·•74 per la s.imllazione del sistema 
·Barre Bifasi" CISE R-350, 1974 
4) R. Granzini,_ G. Masini, A. Vanossi, A. Venturi7~·~; Zappellini 11Prove 
di regolazione del reattore RB 3. col sistema delle barre Bifasi. Analisi 









Title 1 {Original language) 
Sis tena di controllo di reattori con barre 
bifasi 






















































. . .. r l . . . .:. . . . . ~- . . • ..._____ _. .... ._.... ... _,.,...., ...., ___ ......... _....,. .... , __ _... ........ . 
; ....... ..........._........... ............... .. -~~··· ............. " ... ' 
• I 1 i jl ,, • h: f ,\'•••f ~~ ... ·' I 
I .. t ., ·. I 
I I ! • I . ,. 




I ' I' t 
t •• I ' I • ' ' • 
.. ~ ... 
. . .. 
. . 




. ·: . 
Re;actor Safat~l Studies 
vi'a Noise Ana1 .. ,sis ·· I , . 
I 
• I 1 I I l' 
... , .. ·, 
... 
I ' , if • 
I ' ' 
',', 
·, ,· 
. ~ .. • !• 
' 
-
.. il ..i:LASSIFICATION.. •• · .• .....:.- ·-·• ., 
. ., . .. · l: . ' ., . . • •• t 
.cm-·:· 8 'I • ,,I •, •I 
. . q 
.. I• . ~· 
.. 
. , . 'I 
.. . 
'. I 
SPOllSORIW; COUI{TRY : .• 




• :t .. • 
. ' 
.. O.N.E.N. ,, 
I 
. t ,! .. ' . ' 4 \• 
' : t j! 
'
~ •. """~\1 ' ,, • 
. : ·.( ,.-. -------:..---------··--~---t---·---------t j ';,.:. \. ,..,, DATE INITIATED 1 •1 .• 197, PROIJECl' LEADER :~, 
.. ·c · ) :n. FR:cilio, LFCR 
; ; • ["DATE COMPLETED • • • • • • • • . in ·proiPr•ess -----•-------- 1 
. . --------------------~------~------------------~------__. ... . ' : .,. 
' l· 









































·.Title 1 (Original language) Classification 
... 






. . ' 
·· .. · 
! .. . 
... 
Diagnostica e Sicurezza tramite ·Analisi di 
'Rumore (Parte B) · ·8- 14 
·6. · Relation to other projects 
. . 
. Terms of cooperation are· going ~o be defined with,Caorso (.AlVIN-EtrEL), 
· · Halden Project. (Norway), CE.A (France). · 
7. Degree of availability 
.. . 
Documents are not classified material, they can be request~d from one.of 
the authors by the· following address: RIT, CSN.:.casaecia, C. P. 2400, 
. Rome, Italy.: .• · . . · .. (o"'v 
I. ·:' 
. t 
.. ' ... 
.• 
.. 





-.. . : 
. . .'· •' 







. ' ' ... : ~ '. . . ' . . .. ' . . . . l 
. . . '•' ~ . ' 
; ' 
·' •' ... 
~~' 
.\, 




.. ,.· •. . . 






· .. ::· ·.-.:.. ' . . . 
. ' ' . . ' 











































Title 1 (Original language) .. . Classification , 
I 
Dynarpic ~tudiea tor aatety ana1yaia ill- 8 
,.... 
Title 2 '(English) Country ITALY 
' 
. SEonsor l t CNEN .·< Organisation 
.. 
Date initiated I962 Project Leader 




; April I977 I M. Di Dartolomeo 
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1.i!1£ 1 (Original languag,!) ' 
~tat;istical analysis of' randome signals 
, 
Titl~ 2 (English) .. 
' 
'. 
DatE: init~ · I966. 
Date c~mEleted in progress· 
.Las$ UEdating April I977 
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Energieonderzoek Centrum Nederland 
TITLE: 
Ruisanalyse in vermogensreactoren met het oog 
op reactorbewakingsmogelijkheden. 
TITLE (ENGLISH LANGUAGE): 
Noise analysis in power reactors for malfunction 
detection 
INITIATED : 1974 lAST UPDATING : June 1978 
STATUS :in progress COMPLETED : 1981 
General aim 
CLASSIFICATION: 8. 10.4 
COUN:rRY: THE NETHERLANDS 
SPONSOR: ECN 




Noise measurements and analysis ~n power reactors, mostly in PWR. 
Particular objectives 
I. Establish. noise signatures of the Borssele PWR (in p•'- .• tar ex-core and 
in-core neutronic noise and primary circuit pressure no4se). 
2. Interpret noise spectra in terms of e.g. reactivity effects and core 
support barrel vibrations, using cross-correlation techniques. 
3. Automat~c separation of the noise into components due to different 
physical origins. 
4. Automatic surve i ; ·· of the spectra ef the different noise components. 
' 
Experimental facilities 
- Borssele reactor: 18 ex-core and 6 in-core neutron detectors, and 10 primary 
circuit pressure transducers with suitable electronics. 
-Extensive computer based.measuring and analyzing equipment for multi-
detector noise analysis. 
Project status 
Objective 1&2: Several experiments per core since December 1974. In-core 
results since December 1977. 










To be continued for present and next cores. , 
Continuous-improvement of understanding, especially of pressure 
noise. 
Extension to lower frequencies and for effects hither to not 
considered; on-line analysis. 
Pattern recognition type of techniques are envisaged for real 
time application. 
Relation to other projects: -
• 
! 




Turkcan, E., Measur~ments 
of Borssele Reactor (PWR) 
p. 577. 
and Analysis of E~-core ~eutron Detector Noise 
at Full Power, Reaktortagung, Dusseldorf (1976), 
121 Turkcan, E. and J.B. Dragt. Noise Applications in Pressurized Water 
Reactors; Implementation at the Borssele Reactor. 
Entarged Programme Group Meeting on Process Supervision and Control in 
Nuclear Plants, Frederikstad, 6-9 June, 1977. -
131 Dragt, J.B. and E. Turkcan. Borssele PWR Noise: Analysis and Inter-
pretation. Progress in Nuclear Energy, Vol. 1, nr. 2-4 (1977), p. 293-307. 
141 Turkcan, E •. and J.B. Dragt. New Results of the Noise Applications in 
the Borssele Pressurized,Water Reactor. 
Enlarged Programme Group Meeting on Water·Reactor Fuel Performance and 
Applic~tions of Process Computers in Reactor·Operation, Loen, 5-9 June, 
1978. 
Degree of availability 







Berichtszoitraum/Period Klassifikation/Ciassification Kennzeichen/Project Number 
1. 1. ?? - 31. 12. ?? 9 RS 108 
Vorhaben/Project Title Land/Country 
Berstsicherheit'fur Primarkreislauf FF(J 
Fordern,_r{e Institution/Sponsor BNF 
Auftragnehmer/Contractor 
KRAFTWERK UNION AG 
Fracture Safety for the Primary Circuit Reaktortechnik 
R 2, Erlangen 
Arbeitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1 • .8~ 7~ -;so. 6. ?? ~ ~ 
Stand dP.r Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Fund$ 
Ccmpleted 31. 12. 77 4 1 586.000,-- DM 
1 • General Aim and 2. Particular Objectives 
A concept of a fracture.safety device for the primary 
circuit had to be developed, which offered chances for 
a better protection after vessel failure. This was relieved 
by components with simple geometry and small surfaces. Un-
der this project investigations were carried out to change 
the present design in order to protect the containment 
after a pressure vessel rupture \·li t:J.out reducing access 
_,.,, from the outside for inservice inspection and without re-
ducing reliability. 
3. Research Program 
The investigation program encompassed the following work: 
1. Design of a fracture safety device system for the 
pressure vessel 
2. Design of a fracture safety device system for steam 
generator 
'! 
3. Design of a fracture safety device for the pressurizer 
4. Design of a fracture safety device for the main coolant 
pumps 
5. Design of a fracture safety device for the primary· 
circuit (piping) 
4. Experimental Facilities 
No experimental facilities were necessary. 
( ; 
1. 1~ ?? - 31. 12. ?? - 2- RS 108 
5. /Progress to Date 
The work has been completed. 
6. Results and ?. Next Steps 
The results are evaluated. The final report has been 
written. 
8. Relation with Other Projects 
RS 104 Investigation Program for the Testing of a 
Fracture Safety Device Protection System 
for Reactor Components 
9. References 




9. OTHER SAFEGUARDS 
Berichtszoitraum/Period 





Vorhabtm/Project Title tand/Country 
.k'J.R~·rertung des Vorversuc!1s V und A";::sc~lu3 FRG . 
des ForderunGsvorhabens RS 104 Fordernde Institution/Sponsor -
~7··'17.'·'71 
. - _._ .. 
Auftragnehmer/Contractor 
Preliminary Investigatio:: K...~T'i·/EHK mnon AG Evaluation of the Rea}::tortechnik 
V and Coi!Lpletion of R+D-Task RS 104 
R 2, Erlangen. 
Arbeitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
'I • 'i ,'"' . _./ . 77 'iO. 4. 78 Dr. Dorner 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/FunQs 
Co~tinuing 3'i. '12. 7,..., I ( ""77. l·-,-1 7. r.:>o, -- Dr1 
1. General Aim 
Presentatioh of the state of knowledge based upon recent experiences. 
this work will complete task RS 104. 
- .. 
2. Particular pbjectives 
3. 
Evaluation of the already perforne~ ?reli~inary 
' test V with respect to: 
verification of results obtained :rom current preliminary 
investigations especially fron :p:-e-test III 
investig~tion of burst protectio~ as affected by burst 
phenonena 
investigatio!l of extr?me therno2:;:.:-aulic processes \·:i thin 
and 0 ,+-,.;de o.;:- +-,..,"' +-e~+- .,..,;-:')o ,,, ..... ~ .... ~ ....,; ..... p l"'a;l,llre. 1...4.'.1;;:),. .,. wo-4- v r.':)V ;!"""'.);' ..... '.,.1.:..4..:..--o .::'""""'~- ..,L. 
com?arison of t::.:e te.st results i'ii. -::::.-currently perfor:1ed 
pre-tests 
presentation -of t~e rece::::t eA."?e:-i.ences gained by this 
p:rogram., docurr.entation of :pres$::~ sta-cus of knmvlcdge 
completion of task. 
Research Program 
Burst Process, PI'eSsure-Relief- a=::. 3lo' . .,'dO\'l:l Process · 
----------------------------------------------------
. . 
a) veri!ication of preliminary test III results with 
1. 1. 77- 31. 12. 77 
respect to failure modes, frac-:;·:.~r2 mechanical and 
thermohydraulic processes i:::1 t:~e :;>i:pe section. Detailed 
info~mation on crack propagatio~, defor~ation and thermo-
hydraulics 1vi thin a..'l'ld outside of t':le pipe 1vill be. 
required for the development of :wd.el concept's. 
b) checki~g of curre:::1t results w~:~ respect to burst. 
l)rotection loads, whic!l ':lill :fa,:ili-:ate finding of a 
sizing base for burst :9rotec tic:::1 d~sig:n. • 
c) detailed information o~ burst protection as affected 
by burst processes. 
3.2 ~!:~b;i;;~;i;;E:~El_:f~Y:~~~i~£~~2~-Q~EE~~~-Q;;:.! 
To verify current results 'and in -v:ie'\v of the planned 
continuation of the- progra:n., a pre-.test V ·.-:as perfortlyd 
in Dec. 76. 
In this test, a pipe NW.35J was i~s-:e.lled in a burst pro-
tection test section (repetition of pre-test III). At the 
predetermined breaking poi~t of t~e test pipe an axial 
longitudinal crac.k appeared as it t·Ias the case with _ 
pre-test III. 
Purpose of the test '\vas: 
to check the predetermined bree~i~g point 
- to verify ext:.:eme thermohydraulic :;>recesses (pressure 
gradients, therm.odynaEic unbala::.: e) \·:i thin a.'Yl,d outside 
of t~e test pipe o.nd possible ~o c):)te,in more details 
on these processes 
- to determine more exactl;y, if :possible, the position of 
the critical cross-sectio~ in the blowdown process 
to investigate burst equipril.ent si.zing. 
'. ) 
1. 1. ?? - 31. 12. 77 - 3- RS 294 
4. Test Facilities 
Neither test equipment nor comp~ter programs will be re-
quired since evaluation refers to an already performed 
test. 
5. Progress to Date 
6. 
Investigation and checking of pressure transducers 
delive·ry of pipe 
write-up of all measurement data 
first evaluation of measurement data. 
Results 
No special results exist up to nOiv. 
7. Next Steps 
Dimensioning of test pipe 
Evaluation· of .measurement results 
Write-up of test- and final report. 
8. Relation with Other Programs 
RS 104, RS 108 
9. References 







Rekenmodel voor de simulatie van 
transienten in kokendwaterreactoren 
TITLE (ENGLISH LANGUAGE): 
Computercode for the simulation of 
transients of boiling water reactors 
INITIATED : LASTUPDATING : 1978 
STATUS COMPLETED 1977 
General aim 
CLASSIFICATION: 9. l, 9. 2. 9, 3 






R.M. van Kuijk 
SCIENTISTS: 
P. Kloeg 
Calculations of the dynamic response of BWR's in the case of 
transients and small accidents. 
Particular objectives 
Study of the control systems, capacity of safety vaives, influence 
of setpoints, heat transfer in the core, fuel temperatures, scram 
action. 
Experimental facilities and programme 
Computer code REBOR. 
Project status 
Operational for Dodewaard BWR. 
Next steps 
Not applicable. 
Relation with other projects 
Not applicable. 
Reference documents 
Internal KEMA reports. 
' Degree of availability 
Free on basis of exchange with other programmes. 
··r---------------------------------------------~ 
AS THIS PROJECT IS TERHINATED, NO FORMAT WILL BE 






N. V. KE.'iA ' Cl-Af.SI fiCA TION,: CJ. I • C). 2. (). -~ 
TITLE: COUNTRY: THE NETHF.RLAND:; 
' 
Rckcnmodcl voor de simulatic van SPONSOR: 
tr.1nsicntcn in kokcnd~aterrcactorcn KZ.:~ lA· 
' 
. ' ORGANIZATION: 
TITLE (ENGLISH LANGUAGE): ' KEHA 
Computcrcodc for the simulation of PROJECTLEADER : 




LAST UPDATING : 1978 P. Klocg 
. 
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N. V. KEMA CL/\SSI riC/1. TION ,: C). I • C).!.. 1J. '! 
TITLE: COUNTRY:THENETHEHLANDS 
Rokcnmodcl voor de simulatic van SPONSOR: 
tr:1nsicntcn in kokendwaterrcactoren KEHA 
ORGANIZATION: 
TITLE (ENGLISH LANGUAGE): ' KEHA 
-
-
Cumputcrcode for the simulation of PROJECTLEADER :· 
tranni(>nts of boiling \7.'lter . R.M. van Kuijk reactors 
SCIENTISTS : 
, ' 
1978 INITIATED . 
-
lAST UPDATING : . P• Kloeg 
. 
STATUS . - COMPLETED . 1977 . . 
' 
·--~·------------~----------------------~----------------------~--------~--------------­'' ' \. J 
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Tenue de structures 
-
types sous excitation sismique. 
Essais sur table vibrante. Organis:::J.e direc1:eur 
CEA /DgCS 
. -. 
'Titre (a=glais) Organ.is:o.e .,. execu.tet.:.r 
CEA/DEMT. - Sa~ lay 
Behaviour of typical s tl:'Uc t\.tres under seismic: exc:ita-
tion. Res!Jonsable Shake table tests. 
I {D~1'!-S.:~.clJ!I 
.Jate de ~at a.ctuel Scientitiques 
C.e::;;:;."'"rage 1/75 en c:ours 
-
- ' 
D~te ... I)er:liere m se pre"\T'\:.e 
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Dcscr:iJ:tion :,Concern the deve~opment ~f methods for acquisition 
and.elaborationof data coming from nuclear reactors. and experimental 
·r· -'.loops. 
· ·.:~.· ·· ·.: · ·These mathods give the p9ssibili ties to stv .1 y react6r physics, 
. : · · ·, · thermohydraulic and mechanical effects in ·nc:·rmal and accidental 
.. 
· .'·:: .. :. ,...:. · •·'cond~ ti ons. (Possi~le application: early failure detection). 
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Facilities 
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,· t·! - Transducers, amplifiers,. filters, magnet:i.• . ..: recorder~ for data 
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acquisi ti,on. 
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~ . •' . 
.. 
. . ·· .. 
...... 
... · .... 
•.' ••• , t 
,., .. ·.·. 
· .. H. 
. . . . 
\)\,;. 
.. · . , . 
. ' . 
. ... . 
, ... ; ~ 






•• ::~ ;' f t. ~·:; 
.. ,. 
.·. \ . 
~·' . 
-: o I 
.. ~ i. 





. ... Software .for F.tatistical elaboration run?:.ng on the hybrid 
·, ... ~. · .. computer men'~ioned. 
~ . : 
: : ... : -Reference documents ... ·:··. . . . 
~ .. ·  
. .. · .. · . 
1) L.Cimoralli- A.Federico 
.'' ·, .... 
Applications of spectra analysis tecniques·to examine natural 
and superimposed neutronic flux fluctuations in a nuclear powe~-
reactor 
Rapp. CI'JEN - IN(69)3 - Ma:rzo 1969 
·' 
·• ..: . " . 
... ,. . •' ~ 
. . . 
2) A.Fedorico ·- S. Taglienti ··· · · · ··. · . 
• . • i • ·.Frequency and time-domain systems :for statistical· signals ela- < 
.·. . · boration developed in CNEN. laboratories ... IAEA. specialist meeting~ 
on Analysis of Measurements to Diagnose Yotential Failures. 1 
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Berichtszeitraum/Period Klassifikation/Ciassification Kennzeichen/Project Number 
1.1.1977 
-
28.2.1977 10.1 RS 68 A 
Vorhaben/Project Title Landtr:ountry 
.1\pplication of Statistical Analysis Methods FRG 
in PO\'Ter Reactors under the Safety Oriented Fordernde Institution/Sponsor 
Aspects of Early Fault Detection B!-lFT 
Auftragnehmer/Contractor 
Technische Universi-
Anwendung statistischer Analysenverfahren in tat Hannover 
Leistungsreaktoren mit dem sicherheitstechni-
schen Ziel der Fri.iherkennung von Schaden. Institut fuer Kern-
technik 
Arbeitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1.3.1975 28.2.1977 Prof.Dr.-Incr.Stecremann 
Stand der Arbeiten/Status Berichtsdatum/Lasl Updating Bewt:ligte Mittei/Funds 
Completed 20.2.1978 177.000,-- DH 
. 
• General Aim 
) Theoretical and experimental investigations of the dynamical behaviour 
of the neutron flux in the core of a power reactor due to thermo-
hydraulic and mechanical feedback. 
Analysis of fluctuating in-core detector signals in order to establish 
the characteristic data of normal operating conditions and to get an 
indication of any anom~lies in the case of certain significant devi-
ations from these characteristics. 
2. Particular Objectives 
Noise measurements in both Boiling- and Pressurized Water Reactors 
during full power operat~on in order to gain extensive data about 
space-dependent reactivity effects caused by pressure oscillations, 
., tbrations or coolant density feedback. 
_j 
·Development of a new and reliable in-core measuring system, using 
"self'-powered" neutron detectors. 
Application of these continuously improved devices for neutron flux 
distribution measu=ements with high spatial =esoiution as well as 
for reactor power noise investigations without disturbance of the· 
plant operation. 
3. Research Program 
3.1 Completing the computer analysis of the tape-recorded detector 
signals. 
3.2 Evaluation of the resulting data with respect to their informa-





- 2 RS 68 A 
3.3 Comparison of experimental and theoretical results. 
3.4 Collecting and representing of all the data in the final research 
report. 
4. Exoerimental Facilities, Cbmouter Codes 
5. Prosress to Date 
To 3.1 The signals of the in-core self-powered detectors, which had 
been measured and tape-recorded in an extensive experimental 
campaign at the Lingen power plant in Dece~ber 1976, were 
processed in a detailed frequency and correlation analysis, 
using a special computer program syste_m which was developed 
for this purpose at the institute. 
To 3.2 Evaluation of the analysis was performed under the following 
special aspects: 
determination of the axial velocity profiles of steam bubbles 
in the core 'with high spatial resolution, 
inv~stigation of the space-dependent auto power spectral 
densities (APSD) of the reactor noise, 
influence to neutron flux signals due to vibrating structures, 
determination of the space-dependent noise amplitudes, e.g. 
the normalized root mean square values (NRMS) ofthe noise. 
\ 
.I To 3.3 From theoretical'calculations the significant thermohydraulic 
parameters like steam bubble velocity, slip ratio,' boiling 
boundary and void content and their axial shapes could be 
determined. Comparison of these data with the experimental 
results supplied f~rther in~orma~ion about local operating 
conditions like bundle power, power density or mass flow 
through the fuel element. 
To 3. 4 The results were repre~ented in the final r~sea.rch. report. 
6. Results 
The computer analysis and the correspondin~ evaluations were comple-
ted. t'lith respect to thermohydraulic parameters in a boiling water 
reactor, e.g. steam bubble velocities, steam content, boiling 
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-and spatial resolution. In connection with the theoretical investi-
gations a detailed description of the thermohydraulic behaviour of 
the reactor core can be given. 
7. Next stens 
The research program was finished on Febr. 28, 1977 and completed by 
the presentation of the final report. 
/ 
8. Relation with other Projects 
The experiences and results of these investigations will be the 
)asis of the research program RS 232. 
9. References 
P.Gebureck, W.Jaschik, D.Stegemann: ~inal Report RS 68/68 A 
10. Degree of Avail~bility of the Reoorts 
Institut fUr Kerntechn~k, T.U. Hannover, Elbestr. 38A, 










































































B'*rl Oh tazei tra~ m/Period Kl ill! ill ka tiC>n!C laaai f1c:a tion Konnzeichan/Project Number 
1.1.1977 
-
31.12.1977 10 1 RS 2~2 
Vorhaban/Project Title Land/Country 
In-Core Data Acquisition and Processing \'li th FRG 
the Aim of Early Fault Detection in Light Fcirdernde Institution/Sponsor 
\va ter Reactors B",;-::;'ITl ........ 
Auftragnehmer/Contraotor 
T.U. Hannover 
In-Kcrn-MeBdatenerfassung und -verarbeitung 
mit dem sicherheitstechnischen Ziel der Fruh-
erkennung von Se ha den in Leichtwasserreaktoren Institut ftir Kerntech-
nik 
Arbeitsbeginn/lnitiated Arbeitsende/Completed Loiter des Vorhabens/Project Leader 
1.12.1976 31.12.1979 Prof.nr.-Inq.D.Steqerna 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Continuing Dec. 1977 570.200,--
1. General aim 
Development of a complex system for acquisition, processing and pre-
sentation of measured in-core data with the safety oriented aim of 
early fault detection in light water reactors. 
2. Particular Objectives 
Basing upon the experience in application of statistical analysis 
methods in power reactors (RS 68A), an on-line surveillance system 
will be developed, allowing the early detection of certain anomalies 
in reactor operation and supporting the operators to avoid dangerous 
operating conditions. The additional informations consist of a number 
of nuclear and thermohydraulic data. The system design includes any 
future tasks of combined analysis of neutron noise and vibration 
( measurements. 
3. Research Proqram 
3.1. Construction of a highly flexible electronic measuring system 
providing acquisition anc· preparation of selected safety rele-
vant process signals in a power reactor. 
3.2. On-line processing of the data in tiwe and frequency domain 
using Fast Fourier analysis. Computation of characteristic time 
and space dependent functions, e.g. noise amplitudes, spectra, 
phase relations, correlation functions. 
3.3. Presentation of al~ characteristic values and functions on color 
·video display and plotter on request. 
3.4. Evaluation of the reduced data with respect to their-infprmation 
content about significant thermohydraulic and mechanical para-
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vibr"tions of structures etc.) 
4. Experimental Faciliti-es, Computer Codes 
5./6. Progress to Date and Results 
(3.1) Development of a differential, self-co~pensating low-noise am-· 
plifier suitable for the usual in-core fision chamber instrumen-
tation a's \'!ell as for self-povlered neutron detectors. The 
amplifier design involves separate treatment of the stationary 
and the fluctuating signal components . 
Tests under full power conditions at the power plant Bruns-
blittel and further improvements have been completed. 
Production of a total number of 32 amplifiers, the sign~l dis-
tributor and multiplexer is proceeding as planned. Other re-
quired hardware'is available. 
{3.2) Already existing computer programs have been checked for appli-
cability. 
Development of micro-programs for fast Fourier transforms of 
time series and processing of the transformed data blocks com-
pleted. 
Adaption of the micro-program for Fourjer analysis with respect 
to the real-time conditions. 
{3.3) Driver programs for ~he color video display unit and the analog 
magnetic tape recorder are available now. 
The developed progra~s provide presentation of auto and cross 
power spectral densities, phase and coherence relations, auto 
and cross correlation functions, normalized noise amplitudes 
and local steam bubble velocity values on color video display. 
{3.4) Signals of the in-core in'strumentation at the BWR Brunsbutt~l 
have been measured and recorded on magnetic tape during full 
power operation. 
After extension of the system to on-line analysis and evalua-
tion of the signals of one instrumentation tube with four de----
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means of the recorded in-core signals. The results were compared 
with those ones achieved from an off-line investigation using a 
different program system for signal analysis. 
7. Next steps 
Development of a driver program for the multiplexer and tests. 
Program achievement for arranging and storing the data of inter-
est on magnetic disc. 
Extension of the simultaneous on-line analysis from 4 channels 
to date up to the desired number of 32. 
Theoretical investigations using a program system for calculations 
of nuclear and thermohydraulic core data. One-dimensional compu-
tation of neutron spectra (50 groups) as function of spatial co-
ordinate in the subsections of a fuel element. 
8. Relation with other Projects 
9. References 
N.Zeller: Program description and user directory for the RTE-II-
Drivers: 
DVR77 (colored video display system) 
DVH76 (colored video display console) 
DVH75 (analog magnetic tape recorder) 
IKH-Report 77/77. 
M.Zeller: Processing of noise signals at the HP2100 computer 
using micro-p~ograms. Survey and program descriptions. 
IKH-Report 90/77. 
10. Degree of Availabilitv of the Reports 
Institut fUr Kerntechnik, Technische Qniversit~t Hannover, 
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-Title: Development of calculation methods for static 
and quasistatic reactor physics in light water 
reactors · 
i 
Organ iza tio:1: Pis <:6 
National Lab-
oratory 
I' Scientists: j Initiated date: 1968 Completed date: r..F. H0jerup 
G.K. Kristiansen 
~. ·r.eurioser I Status: I progressing 





Provision of static and quasistatic reactor physics informa-
tion relevant for safety assessment of light water reactors. 
2. Particular objective 
' 
Reliable methods for calculating -
Power shape as well within fuel toxes as overall for the 
reactor as function of burn up • 
. 
Reactivity as function of burnup. 
Reactivity control and reactivity budgets. 
Reactivity coefficients. 
Stability. 
3. Experimental facilities and progra~es 
4. Project status 
1. Progress to date 
a) M~lti-group cross section generation fro~ UKNDL coMpleted 
b) Multi-group G ~ 76, collision probability MPthods for fuel 




c) Few group 2D and 3D diffusion theory calculation cedes, 
using finite difference techniques, finite ~lement, 
flux synthesis and nodal theory for the reactor core 
completed. 
d) , 3D flux synthesis or 3D nodal theory coupled to hy-
draulic channel calculation for BWR including burn up 
completed. 
2. Essential Results 
Reactor physics code system verified'in calculation on 
Yankee Rowe, Connecticut Yankee and Dresden. 
5. Next Steps 
1. Test the system further against BWR measurenents. 
2. Further refineMent of methods concerning fuel element 
calculation and development of fast 3D meth0ds. 
6. Pelation with other projects 
Provision of cross-sections and parameters for dynamics 
projects and fuel management studies. 
7. Reference Documents 
1. A.M. Hvidtfeldt Larsen, H. Larsen and T. Petersen. Cal-
culation on a Boiling Water Reactor as a Test·of the Ris~ 
Reactor Code Complex. Ris~ Report No. 268, 1972. 
2. Tor ben Peters en. ~.spects of Prediction of the Perfoi'lT'ance 
of a Boiling Water Reactor. Ris~ Report No. 289, 1973. 
3. H. Neltrup and Per B. Suhr. Survey Calculation on the 
Hadam Neck (Connecticut Yankee) Power Plant as a Test 
of the Ris~ Reactor Physics Code System. Pis~ Pep0rt No. 
298, 1S73 • 
. 4. · C.F. H~jerup, The Cluster Burn up Programme CCC and 
Comparison of its Results with NPD Experiments, Ris~-r~-1898 
( 1976) 6 pp. 
')84-
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Btr~c8~z~!1_r34f!'1~~~ CJ77 Klassiflk~tlon/Ciassification Konnzaichon/Proiect Number 10,3 R~ 81 
Vorhaben/Project Title Land/Country 
RR(! 
Hischungseffekte bei parallel durchstromten Forderr.r?e Institution/Sponsor Kanalen El 'iF 
Auftragnehmer/Contractor 
Euratom CCR 
Mixing effects in parallel channels with Ispra I Italy 
water two-phase flow 
• 
Arbeitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens//Joject Leader 
01.01.1975 31 .12. 1 977 Dr.Herkenrath Dr.Hufsch 
Stand der Arbe1ten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Continuing December 1977 DM 1.303.590,-
·-·, GENERAL AIM j . 
k,,~ I 
The investigation of the interaction and mixing effects between ad-
jacent subchannels of a fuel rod bundle cooled by boiling water is 
aimed to providing experimenta~ data on the local distribution of 
mass-flow, enthalpy and voidfraction so as to a<;::hieve a better thermo-
hydraulic description and more precise DNB margin for a L\vR core. 
Furthermore, studies in: steady--state conditions are a necessary pre-
lilninary to studies of the mixing process in transient conditions 
such as those occurring during power transients or blowdown. There-
fore, the first phase of the progra~~e will be devoted to investigat-
ions under steady state conditions . 
. The actual programme provides the studies of steady-state measure-
./ nts of the subchannel interactions in two-phase flow conditions 
with 16 rod· cluster test-sections in m·TR-geo:netry (pressure 70 bars), 
and in PWR-geometry (pressure 160 bars) with appropriate splitting 
devices at the outlet and the st-:.tdies of transi-2nt. mixing :neasure-
ments for partial depressurization (to about 80/~ of the initial pres-
sure) with the above mentioned testsections. For not damaging the 
loop components- especially the pumps - a complete blowdovm of the 
loops is not possible. 
For·a more fundamental understanding of the m~x1ng process investi-
gations with two-channel test-sections of different shapes (firstly 
an eight-shaped channel with differ~nt heat-inputs) are foreseen al-




2. PARTICULAR OBJECTIVES 
The mixing programme was started in the fra::1e of collaboration con-
I 
tracts between ~NEN (Rome) and Bl1FT (Bonn) on one hand and Euratom 
on the othe~. The contracts involved the st~dies of the boiling 
mixing phenomena using two different test sections: 
- A two~channel test section for fundamental ·studies (pressure up to 
150 bars; high pressure water loop PRIL) ~~= 
- a 16-rod cluster test section with BWR+ge~::ietry (pressure 70 bars; 
high pressure water loop BmvAL) . 
Later, the BOHAL studies should be· extendeC. to a pressure of' 160 bars 
using PWR geometries. 
After first operational .tests with the two-.::!:a:nnel test section in 
the PRIL loop at the beginning of 1974, this part of the programme 
was interrupted and effort was concentrated on the preparation·and 
execution of the 16-rod bundle tests in BO":iAL. 
3. RESEARCH PROGRAM 
Expe:r-imental investigation of subchannel .interactions in two-phase 
flow conditions (mixing): 
- Steady state measurements of the mixing e3£'ect with a 16-rod 
cluster in B1:lR geometry (70 bars) 
Mixing studies in transient conditions with 16-rod clusters in 
Bv1R- (70 bars) and P\vR geometries (160 bars). 
4. EXPERIMENTAL FACILITIES ----------~~~---~~-----'-The high-pres~ure water loop Bm·lAL (3.6 1·1".·? power input) to be used 
.for the boiling mixing experiments with the 1E-rod cluster test-
sections in B\·7:1- and P~vR-geor:1etry a.:-1d the hi;!~-?ressure water loop 
PRIL. (0.6 HH power input) to be used for tl:e fundamental mixing stu-
dies and for calibration tests with void-:r:eters have been described 
in detail in I 1 I and the Bm?AL loop is scf:e~atically shown in 
Fig. 1. The main data of the two loops are the followi~g: 
PRIL LOOP 
I 
This loop consists of: 
controllable forced circulation 
- partial blowdown ( 20%), facility for the transient tests 
... 
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- pressurizer, condenser, subcooler. 
The characteristics o£ PRIL are: 
- Maximum power: 
- Maximum pressure: 




Special instr~~entation:different void ~eters. 
Bm-TAI, LOOP 
This loop consists of:. 
- controllable forced circulation 
- partial blowdovm ( 20%) facility for the transient tests 
- pressurizer, condenser, subcooler and preheater (500 k\·7). 
The characteristics of BOTtlAL are: 
Haximum power: 
Haximum pressure: 
- Maximum temperature: 
' 
3, 6 :t-1\v 
250 bar 
365°C 
- Special instrumentation: distribution of temperature and pmver 
along a number of the rod, pressure distri-
bution along the test section. Outlet 
enthalpy distribution among the 6 basic 
subchannels of the cluster. 
The 16-rod cluster test section PELCO-s for the B\·1R investigations 
(70 bars) is described in/ 2 /. ~he PWR test section EURO~ (16rods, 
160 bars) is actually in the final state of construction. 
The X-ray voidmeter devices to be used for the transient measure-
ments has been d~veloped and will be described in a special report 
after testing under real operation conditions. 
5. PROGRESS TO DATE 
6. RESULTS 
The first results of the mixing experiments with the 16-rod cluster 
test section have shown that the measuring device is not sufficient 
for an exact interpretation of the mixing process. The temperature, 
pressu:t'e and mass flow must be measured for the five characteris-tic 
subchannels of the rod_bundle. The.missing two measuring devices 
Sht . trt 
IM'"<oi.11PFU-. -' 21 J 
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and condensers have been taken.Prom the PRIL loop to avoid unaccept-
abl~ time delays. The new concept of the Bm·lAL loop is shown in 
Figure 1. 
· .. The sampled subchannels of the 16-rod cluster sections (PELCO-S, 
70 bars and EUROP, 160 bars) are seen in Fig. 2. Each sampled sub- ~t.··' 
channel (index s) has its reference channel (index r) with appropria-
te pressure tapes at the beginning of the splitting device (Fig. 3) 
for the isokinetic measurement technique. 
The effectiveness qf the ·modification of BQT.·;AL loop (simultaneous-
·-. analysis of five subchannels instead of the originally installed 
/ . . . 
combination of three channels) can be sho\vn in Fig. 4. The outlet 
qualft:y of the sampled subchannels (xuK) is plotted against the main· 
outlet quality x0 in the. total cross section of the test sect~on. 
The quality xuK is calculateO. by means of the outl·e.t enthalpy measu-
red with the c~lorimetr~c c<;>nd,~nsers I 1 I and the quality x0 re-
. • ,/,"'1/r_l,:---_.,'·~0< , " 
sul ts from the heat; balanc,::ir~t}fl j:he total elec.trical power input 
..... · and the•· t9t;t~ff!t;~~t1t ,. *'' i";J;f;1• > .• 
~;,,. ;tn t}le' uppep 'p~t~ ~! f~~h:: 'suJ'.ts of the measurements with the 
' ~~·~f;l)~e::·.sub~han~~t:·~~~~P~!~,o •J~;~te that th: Xui<-values are below: ..•. 
the 450-lme •. :$'~$'·i*M' ·::t;otal heat lnput calculated·by ~. 
.. me*s o.f, th~.~~:::.~~~~H~M. . :,~s ~eh smaller than the electric 
_j 'power to the test section. 
The xuK-values gained £rom the five subchannel arrangement (lower 
part of Fig. 4) show that the outlet qualities in the subchannels 
number 3, 4 and 5 (Fig. 2) are slitely higher than the 450-iine, · 
\1/~lilest the qualities in channels 1 and 2 are significantly smaller. 
This is valied ~specially for the corner subchannel.(no. 2). With 
the new arrangement _th~ :he~:t. bal.ance is in the order of about 8%. 
. ; . '.,. :.· ." .. · ·' 
The measured subchannel enthalpies are multiplied by the respective 
number of equal subchannels and then summed up. A much better heat 
balance is not probable because of the tolerances in the fabrication 
of tlJ.e test section (especially in the upper part vtith the spl·itting 
and sampling device). 'l1he predicted measurement errors I 1 /for th,e_ 




!', i-· .. 
" I . 
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heat balances. 
X-ray voidmeters 
·The X-ray voidmeters composed of three high voltage generators 
KRISTALLOFLEX 800 and six tubes AGl.•l 61 T (60 kV, 3000 \-1) have been 
delivered and first tes'ts are made. Different modifications, espe-
cially with respect to the detector device (ionisation chambers) 
have been proved and the final conception is in fabrication. 
P\·!R 16-rod cluster EUROP · 
After special pretests for the sealing of the heater rods and after 
the delivery of the spacers, original 1<:\·?U-type, t,he P\vR 16-rod 
cluster test section EUROP is nearly ready for assembling at CISE, 1 
Milan. The· delivery is foreseen for February 1,978. 
7. NEXT STEPS 
-Continuation o£ the:mixing experiments with test section PELCO-S 
(B\vR-geometry, 70 bars) under steady state conditions in the 
following range: 
pressure: 




1000 + 2000 
-3 i- '-27% 
up to 2. 6 M\·.' 
) outlet quality: -3 +- + 45% 
Comparison of the experimental results with existing mixing codes 
in collaboration with NUCLITAL, Geneva.' 
- Installation of a supplementary sub,cooler (4 :t-1\-l), necessary for 
the tests with low outlet qualities. 
- Calibration of the X-ray voidmeters under real operation condit-
ions (up to 160 bars), in FRIL loop. 
Because of the execution of the foreseen ex?erimental programme 
cannot be achieved in the planned time a prolongation of the research 
contract for at least two years has been asked. 
8. T~ELATION FITH OTHER PROJECTS 
- RS 109 Experimental investigation of the influence of PWR loops 
on blowdown 
1-.1 .• -31 •. 12.1977 
- 6 - RS 81 
- RS 163 Theoretical and experimental investigations on th~rmo­
and fluiddynamic behaviour of the reactor core during the 
first blowdown phase. 
9. REFERENCES 
/ 1 I Herkenra th, H., Hufschmid t, T:l. 
"The pressurized and boiling \J!ater loops BOlll.A.L and PRIL for 
b'oiling mixing studies of the Heat Transfer and Fluid Mecha-
nics Division of the JRC Ispra" 
EUR report (in press) 
I 2 I Gaspari, G.P., Germani, G.F., Lucchini, F., Mare.lli. A. 
"PELCO-S: A BvlR 16-rod test section for subchannel experi-
mental analysis".CISE-Doc. Service, PELCO No. 4, Hax 1975 
10. DEGREE OF AVAILABILI1Y OF THE REPORTS 
Reports mentioned in 9, except ref. 2, are not classified and are 
I 
on sale at the office·for Official Publications of the European 
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uniform ht·at~d 
lh• 3660 m m 
Cro'ss-sectiori. of th~ test- s~ction o.uttet with sp"titter~ be.fween the sub-
channels. and opproptafe taps for stat~c pressures.(!sokH:u:_flc.measurement) 
so% sampled subchannel · . ,. r= referenc~ s ub.channel 
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,. 
FIG.3 · Upper part of 16-rod clUster test-section ' 
PELCO S ·with sp!itters and sampling pipes. ! 
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Fig. 4 : Measured 'ou tl cd quo !ities from s amp!ed sub- I 
channels Xu1( vs .. mean outlet quality X0 . for 
PELCO S at 70 bars and a mass flow density of 
1000 kg 1m2 s (channel ns. after fig. 2 : 1 o; 2 +; 








SDS, a thermohydraulic subchannel programme 
for steady-state analysis of water reactors 




1. General aim 
Completed date: Autumn, 1974 












• A. Olsen 
F. Cortzen 
v.s. Pejtersen 
To provide a general subchannel code, for the analysis of 
thermal-hydraulic; steady-state condi,tions in water reactors. 
2. Particular objectives 
The objective is to make a calculation model {code) which 
can predict, based on sound physical models; local void, mass 
f.lOW 1 enthalpy and burn-OUt margin for Safety evaluation and 
design. 
3.· Experimental facilities and programme 
The experimental programme has been executed concurrently 
with the code development to supply data on local phenomena in 
fuel elements with respect to thermo-hydraulics. 
Experiments were made on a 7-rod and a 9-rod BWR geometry, 
as well as on {concentric and excentric) annular geometries. 
4. Project status 
!~-E~gg~~~~-~g_g~~~ 
A FORTRAN 4 code exists, capable of solving, o~ a subchannel 
basis, steady-state thermal-hydraulic prqblems, for~BWR's and PWR's. 
Specifically predicting void- and mass-flow~distributions on a 
fuel-box or core basis. (No limit on number of subchannels, so 
far up to 400 have been tested) • 
- 2 -
~~-~§§~D~!!!_f~§B!~! 
On the modelling side a substantial improvement has·been 
, made with respect,to the formulation of the subchannel equations, 
physically, mathematically and codewise. This in turn has· made 
·it possible to simulate, on a·sound basis, hitherto not approach-
able experiments, such as flow-blockages. 
5. Next step 
Physical models and correlations must be verified in respect 
to new and further experimental data. , 
6. Relation with other projects 
The basic subchannel project was a joint venture of three 
Scandinavian organizations: Danish AEC, AB Atomenergi, Sweden, 
and Institutt for Atomenergi, Norway. The nordic co-operative 
project was completed 1973, and the Danish project was an ex-
tension of the work. The ex?erience gained with this project 
has been utilized'for the work with the transient subchannel 
code, TINA, developed within the framework of the NORHAV project. 
7. Reference documents 
·z. Rouhani: Review of Momentum balance in Subchannel Geometry 
Eur. Two-phase flow meeting (ETPFM), Brussels 1973_. 
J. Bosio, 0. Imset: Two-pha~e flow investigations in a 7-rod 
bundle. ANS European Meeting, Karlsruhe, Oct. 1973. 































. Title 1 (Original language) 
Esperienze di frazione di vuoto in ~e-
zioni di prova BxB tipo BWR/6 
Title 2 (English) 
Void fraction experiments in BxB BWR/6 
test sections . 
. 
Date initiated January 1977 
Date comEleted June 1979 
Last updating May 1977 
. 















F. LUCCHINI (NUCLITAL) 
: 
·. • · 1. General aim 
.. 
~;-;lit\.:,,' W •' t 
. ,• ' 
Verification and development o~ design void fractio~ correl~ 
tions· applicable to steady state and transient analysis. 
2. Particular objectives 
' I• ; 
Obtaining ' : experimen~al data by a t~st s~ction simula -
ting as close as possible the actual BxB fuel element as far as I 
geometry, spacers, local and axial peaking pattern are concerned • 
3. Experimental facilities and programme 
The experiments will be carried out in the CIS~ IETI-4 loop 
using the quick-closing valve technique. 
The following test conditions will be investigated: 
pressure 40 - 100 ba~ . specific mass flowrate 50 - 2000 
I<g/m2s, outlet quality from 5%. up to critical quality. ·Two lo -
cal peaking patterns will be tested. . . 
4. Project status 
At present the BxB test section is under construction. 
5. Next steps 
The experiments are planned.in the 1978 second half.·The 

























Title 1 (Original language) Classification 
Esperienze di frazione di vuoto in sezio 10.3 
ni di prova 8x8 tipo BWR/6 
6~ Relation with other projects 
These experiments follow a previous void fraction programme 
carried out by a 4x4 rod bundle • 
· Results will be strictly related to.a following programme 
concerning operational and LqcA transient conditions which is 
now under definition. 
Dryout experiments will be carried out in the same test se£ 
tion • 
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Title 1 (Original language) Classification ; 
Comj;:ort:.arrento terrroidraulioo di un canale di 
·potenza del reattore CIRENE nella fase di ' . " .. 
avviamento . 10.3 
Title 2 (English) Countr~ . ITALY_ . . . -
J 
Therrrohydraulic behaviour of a CIRENE power SQonsor . CNEN 
channel during reactor start-up . 
· Organisation : CISE 
.. 
. 
Date initiated June 1975 Project Leader 
Date com2leted Dece.moer 1976 . 
UlM {CISE) 
Last u2dating .. 1977 
• 1. General aim: Thenrohydraulic behaviour of a boiling power channel at positive 
inlet quality in the low total flCMrate range both in steady state and tran-
sient corrli tions. . 
3. E?g?er.i.rrental facilities and prograrrrre 
· 3.1. ~~!}ta_!_!~£!1i ty.:_ 
- CIRCE: large scale facility sinulating in a closed circuit 2 full-scale 
power channels; water flowrate: 22 kg/s, steam flowrate 3 kg/s; test 
section rraxi.m.lm power 12,5-MW {d.c.). 
3. 2. Prograrrme 
3.2.1. Steady state tests with positive quality at inlet to detennine two-phase 
fl<:M patterns and to neasure critical r-ower. . . 
3.2.2. Transient tests bY ~re;:lucing_inlet steqm flowr~t.e tr.O.m:!:he:.s~ady .. state val\lE 
to zero: neasurements of flowrate, pressure, pressure drops, mass transients 
in the circuit •. 
4. Project status 
4 .1. .~r29I~§_:!:Q_9ate_.:. the experimental pr6grarrrre has been carpleted •. 
4.2. Essential results: Defined information has been obtained as far as the 
mini.illlim£Iooateis ·allowed for a stable operation aril the procedure to 
be followed during s~ reduction phase. 
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Title 1 (Original language) 
Esperienze di dryout con 
va 8x8 tipo BWR/6 
Title 2 (English) 
Dryout (CHF) experiments 
test sections· 
-
Date initiated January 
Date comJ2leted June 






sezioni di pr_2 10.3 
.. 
Country ITALY 
'in 8x8 BWR/6 SJ2onsor NUCLITAL 
Organisation. NUqLITAL/CISE 
~. 
1977 Project Leader 
. . 
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.· .• · ... ,. . 
. : . . ., 
' .. 
.. . i .. 
. 
( '" ' . . u· ·.· 
' I 
·' ·, 
·· .. · . 
. . 
Verification and development of project dryout (CHF)correla-
. tions applicable to steady state and transient analysis·. 
2;'Particular objectives 
Obtaining >cHF experimental data by a test section simula -
ting as close as possible the actual 8x8 fuel element as far as ·1· · .g~ometry, spacers, local a~d axial p~aking.pat.tern are· con~erned 
· 3. Experimental facilities'and progra~ · 
The experiments will be··carried out on the CISE IETI-4 loop . 
•' in the following ranges of conditions~ pressure 40 - 100 bar. , ,.,.~ 
specific mass flowrate SO - 2000 Kg/in s • 
Two local peaking patterns will be tested. 
·4. Project status 
. . Ai;. ~present the 8x8 ·test section is .under .. constl:UCt.ion~ 
S. Next steps •. ... \ 
'. . . 
~he experim~nts are planned in the 1,78 second half. The 
an~lysis comple.tion is scheduled in June 1979. 
'' 
.... 
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••• 0 • 
. 
Wle 1 (Original language) 
Esperienze di dryout con sezioni di pr2 
va 8x8 tipo BWR/6 
6. Relation with other projects 
Classification 
.10.3 
These experiments ~ollow a previous dryout p·rogramme· car 
ried·out by a 4x4 rod bundle • 
,·. 
. . · .. 
. Results will be strictly related to a· following.programme, 
concerning operational and LOCA transient conditions, whicn 





Void fraction measurements will be carried out in the same 
: · ····test section. · · 
• 7 •· Refere.nce documents 
None 
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. . ·t,· .C ·Ini tioted 1.1.7.5. Completed ")0/9/7;, · ProJect leodcrs 
V .:Harinelli I~ 









'r.:·· 1i~, I 
1. General aim 
In order to optimize the burnout correlation tor a rod bundle 
it is necessary to .have 'accurate reference to··· rounde tubo data • 
Afterwards the rod bundle and mixing e£focts can be taken into 
•. account. 
2. Particular ob,1ectivcs 
Accurate round tube ~IF correlation. 
"). Exporimental facility nnd procram 
. . .. . 
will be obtained in the CISE J:eti-I plant 
~ 0. 
A set or ")00 point data 
on two tubular sections 
an~ 1.7 cm at pressures 
rate betw~en 12 and 200 
600 cm long and llavine diameters of 1.26 
of 70250,")0 bars and specific mass flow ar/can soc. 
I 
' l 4. 
j . 
. t 
' j ~ 
ProJect stat'!!! 
1) Pro~tress to date The installntion of the 
ba~n initiated and teat 
. decided. 
2) Essen tia t results none · '· 
tost sections has 
du ta naa trix has been 
I 5· Next'steps First preliminary experiments. . .. ~ 
l . 
~-~· 6. Rolption with other proJects I- • ,..,. ... j , ...... . 
I 
i 
. i i a. 
t I ;t:· I j I 
I 
Tha. experimental results and 'tho correlation '"ill. ser.v.~ as. basia 
~or th~ burnout ox~oriments in DWR fuul elements. 
Reference doetunen ts 
None 
DudHO~ " 
")5 :.J-1, it. i Personnelz ltO't-ll>l 
J 
. I ,. 
I . ' 
'11 { I . 
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Title 1 (Original language) 
, Esperienze di burnout su elementi di carbusti-
bile per BWR 
.. 
Title 2 (English) .. 
Burn-out experiments in BWR fuel elements · 
'\ 
. 
Date initiated 1972 
Date completed August 1977 
Last UEdating April 1977 
"-· - ---1' 
1o Cl=t . 











G. Basso (CNEN) . i 
F. Lucchini, G. P. ~spari 
(CISE) 
:).0 






























Developrent of burnout cx:>rrelations base:l• m the critical quality-boiling 
. length concept, utilizing both the bundle pararreters and the subchannel 
paraxreters. 
Particular objectives· . 
MeasUrements: of CHF data on BWR -16 rod test sections, l2 ft long, having 
different heat flux distributions. 
I :3. Experi.nental facilities and ~ 
.• ! 
4. 
The experirrents have been dcne · in the CISE IETI-3 and IETI-4 loops of 
8 MW, in the following range of parameters: pressure 70 ata, specific 





'l'he rreasurernents have been oc:mpleted for radial power distribution: data 
for 6 different test sections were obtained. Measurercents on a bundle 
having a cosine flux distribution are in progress and will be cx:xrpleted 
in mid 1977. 
4~ 2. ~§~~~!-~!:!!£! 
Critical quality-boiling length pararreter oorrelat.es well the data on a 
bundle p:rrameters basis and a rlEM calculation procedure, narred AOIAB 
-·· rrethod, has been developed to predict the CHF margin in tel:ms of power 
ratio. 
The rrethod, based on roCi centered subchannel analysis predict::tquite 
satisfactorily the influ~ of radia~ ~er distriJ?ution. 
S. Next steP§ 
It has been rec:x:>gnized the- necessity of obtaining new round CHF data in -·:. · 
. , . order to optimize the rod-bundle CHF correlation. These CHF tests on round' 
tubes, having the s~ heated diameters as the rod bundle subchannels, 
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.Title 1 (Original language) Classification 
. ' 
Esperienze di burnout su elerrenti di oombusti- · 
bile per BWR . 10.3 
I '' 
6; Relation with other projects . . 
CHF round tube ~ilrents will provide data to be used in the theoretical 
develofiOellts of this prograi'!I:te. .• 
. · · 7. · Reference documents 
).) G.P. Gaspari et al. " EXperinents on the influence of Radial Heat Flux 
Distribution on critical Heat Flux in BWR Bu,ndle Gecmatry" Reactor Heat 
Transfer Meeting of Kar1sxuhe - October 9-11, 1973 • 
. 2) ·B. Marinelli et al. " DryQut Experinents in a 16 rod BWR Gecrretry with 
Six Different Radial Test Flux Distribution", 1975 Heat Transfer Conferenc. 
' . 
•• 
s. Francisco, Cal. August ll-~, 1975. '._1 
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' TITLE ... PROJECT . • j 
.!Ba.s.tc studies of: Ehase 't\i!O 
?.·ur.:-1 cluster geometries. ... ·~ 
SPOHSORING.COUHTTIY . . 
Conuilissio:i.t of the European 
DATE n.fiTIATED . 1973 • 
DATE CONI'L'ETED 1977. . . I 
n·cscriptj.on 




' - • .. 
0 
mb:it'lQ' in . L~-TR , 0.3 
• 
ORGANISATION . • 
Commw.'li ties JRC 
-
Ispra 
· PROJECT' LEADER • • 
H. Herkenrath 
_I . . . 
/·,( 0 
Basic studies o.f therrnohydraulic mixing between the subchannels 






To exami~1e boiling mixing (steady state and transient condition 
in a 16 rod cluster (BO~·lAL loop). Validation of cl:uster tltermo-
hydraulics codes. Calibration o£ different void me.ter.S . .£or 
.steady state and transient conditions (PP~L loop). 
3. Experimental facili t.ies and programme 
3 • 1 !:E.~!-!-122£ : 
This ioop consists of : 
- controllable·forced circulation 
· ·-.partial blowdow:n (""20 %) facilit}' .for the' transient tests 
.. .. - pressurizer, condenser, subcooler 
. · ···The c~1aracteristics of ·PRIL are 




3~2 BQioTAL loop ....,_ ________ .. 











dif.ferent void meters • 
- c:;o11.trollabie .forced circulation 
... 
. 
• ·""'! partial blowdo\lm (20 %) facility £or the·: transien~ tests 










pr~ssnrizer, condenser, subcooler and preheater (500 Kt-7) 
·The characteristics of B0\-7AL are : 
Nc:"lximum po~1e.r 
l1aximUJ'n pressure 
1'-faximum temperature · 
- Special Instrumentation 








3 , 6 I·f'.-1 
2so bar 
365°C 
distribution of temperature and 
po~er along a number of the roe .. 
pressure distribution along tne 
test section. ~~tlet enthalphy 
distribution among the 6 ba$ic 
subcharu1els o£ the cluster. 
The calibration tests showed the necessity of several 
modifications, mainly in the regtllation and measuring 
device. The experimental studies ~~der steady state 
conditions with the B\-TR-test section (70 ~ars) have been 
started in January 1977 •. 
s. Next steps 





mounting of 6 x-ray void meters fo~ studies 
conditions. 
a P\-IR test section ( 160 oars) • 
6. · Ref<J .. :enc~ uucu:rh~nts 
JRC Safety programme progress report 1975 and, 1976. 
Herkenrath, H. and ,., • Hufschmidt 
"The pressurized and boiling water- ·loops'BOWAL and'· PRlL· 
for boiling mixing studies of the Heat Transfer Division 
of JRC, Ispra". 
EUR-Report (to be published). 
- Herzberger, · P. , VI. Hufschmidt and F. Hind, 
· "Die Verwendung von Ganuna - oder Rontgenstrahlen zur 
Nessung des Damp£gehaltes in Zweiphasenstromungen". 
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ENERGIEONDERZOEK CENTRUM NEDERLAND (ECN) 
TITLE: 
Burnout onderzoek aan 9-staafs bundel 
TITLE (ENGLISH LANGUAGE): 
Burnout experiments on 9-rod bundles 
INITIATED : 1972 LAST UPDATING : May 1978 
STATus: nearly finished COMPLETED : End 1 97 8 
General aim 
Study of the burnout phenomena ~n bundles 
Particular objectives 
CLASSIFICATION: 10.3 
COUNTRY: THE NETHERLANDS 
SPONSOR: 









Experimental study of the influence of the pos~tion of the supporting grids on 
the value of the burnout-flux and the place where the burnout occurs. 
Experimental facilities and program 
A test loop for pressures up to 100 bar is available and the power sup,ply of 700kl•7 
gives the opportunity of the high heat fluxes needed for the burnout investiga-
tions. As burnout detection method, the Wheatstone bridge principle is used~ 
Project status 
The burnout flux of the central rod of a 9-rod bundle is determined' at a pressure 
of 70 bar ·as a function of a massflow rate, in the range of 700 - ·1800 kg/m2 sec, 
the heatflux from the outer rods and as function of the position of (58, 126 and 
240 mm) of the supporting grids with respect to the outlet side of the bundle. 
The p,roj ~et concerns experiments performed in a bundle with an axial uniform heat 
flux dis,tribution, whereas the radial heat flux distribution can be varied. 
Next st~ps 
Calculations with Cobra III c and comparison with experimental results. 
Completion of the study through a report, scheduled end of 1978. 
Relation to other projects: no 
Reference documents 
R.C.N. Technical memo 1063-020 (in Dutch) 
Degree of availability: 




ENERGIEONDERZOEK CENTRUM NEDERLAND 
TITLE: 
Ontwikkeling rekenprogramma VITESSE 
Stationaire temperatuur en snelheidsverdelingen 
in onsamendrukbare fluida . 
TITLE (ENGLISH LANGUAGE): 
Development computer code VITESSE 
Stationary temperature and velocity distribution 
in incompressible fluids 
INITIATED: February 1975 LAST UPDATING :June 1978 
STATUS : progressing COMPLETED : 1979 
General aim 
CLASSIFICATION: 10.3 









The development of a compu'ter program that enables the calculation of local 
temperatures and ve~ocities in a bundle geometry. 
Particular objectives 
The computer code is a three-dimensional program and makes use of the finite 
element method. 
Experimental facilities and program 
Experiments based on,the Laser Doppler method will be considered. 
Project status 
The computer code has been verified on basis of experiments performed by others 
and accepted calculations with regard to well defined configuration, known from 
the literature. The physical model for fully developed two-dimensional turbulent 
flows in a bundle geometry has been completed. Two turbulence-models were- --
investigated a) Prandtl's mixing length model 
b) Kinetic energy of turbulence model. 
Next steps 
Three dimen~ional turbulent flows will be incorporated. 
Relation with other projects: -
Reference documents 
Hoekstra, E.K. (Compiler) Fast Reactor program Fourth Quarter 1975. 
Progress report. RCN-244; Petten, March 1976. ,, 
Slagter, W., Roodbergen, H.A., TRIP: A finite element computer program for the 
solution of convective heat transfer problems. RCN-243; Petten, January 1976. 
Slagter, w., Finite ele~ent analysis for turbulent flows of incompressible fluids 
in fuel rod bundles; published in Nuclear Science and Engineering;vol. 66. 
Slagter, W., Roodbergen, H.A. and Dekker, N.H., Prediction of fu~ly developed 
turbulent flow in noncircular channels by the finite element method; presented 
in Instanbul, July 1978. ' 
Degree of availability 






ENERGIEONDE~ZQEK CENTRYM NEDERLAND (ECN) 
TITLE: 
Experimenteel onderzoek naar mixing en de invloed 
van rooster op mixing in een 36-staafs bundel 
TITLE (ENGLISH LANGUAGE): 
Mixing experiments in 36-rods bundle and the 
influence of supporting grids on mixing 
INITIATED : 1973 LAST UPDATING : May 1978 
STATUS : finished COMPLETED : July 197,8 
General aim 
QL.AiSIP:IQATION I l o. 3 
COUNTRY: THE NETHERLANDS 
SPONSOR : ECN 
ORGANIZATION: ECN 
PROJECTLEADER : 




Experimental investigation of the mixing phenomena in a bundle geometry. 
Particular objectives 
Experimental study of the heat and mass exchange between the subchannels in a 
bundle in wh.ich a nonhomogeneous heat distribution is gene,rated. 
Experimental facilities and program 
Testloop for low-pressure experiments. 
Project status 
A 6x6 bundle is provided with a length of 6 heating rods in special positions. 
At this moment at two:axial positions in the bundle the temperature of the 
flowing liquid is measured by a number of thermocouples over the cross-section 
of the bundle in order: to investigate the heat exchange between the subchannels 
in case of the nonhomogeneous heatflux distribution due to the heat production by 
only 6 rods of the total of 36. Mea~urements have been carried out with and 
without a supporting grid positioned between the two temperature measuring 
planes. 
Next steps 
The obtained data show that for low mass flows mixing does not in~rease when a 
supporting grid is installed. A report of the measurements-results is planned 
in July 1977. 
Relation to other projects: No. 
Reference documents: No. 
Degree of availability: Through ECN library. 
Budget: -
Personnel: -
AS THIS PROJECT IS TERMINATED, NO FOfu'1AT ~.JILL BE 
































'I' i t.l c l 
DRYOUT IN BOILING CLUSTERS 
COUN'l'HY 
UNITED KINGD0!1 
S PONSOfi UKAEA 
OHCAtJl/..ATION 
AEE WINFRITH 
Title 2 Project Leader 
J OBr~RTELLI 
~~~--~---------------------~~~~~-------·--------~ lnitiatcd 1966 Gompletcd : Soicntiotu: 
StatuG : LnG t UP!lLl t ing 
--- .... .. ···~-----. ·----· ......... - .. 
Descrintion: 
1. · General Aim 
2. 
To control the conditions for a boiling-type reactor so that dryout is 
sufficiently unlikely to ocour; this implies a knowledge of the con-
sequences of d.ryout. ·· 
Particular Objectives 
To observe dryout in an out-of-pile rig under conditions representative 
of the reactor. 
Experimental Facilities 
The 9 W~ electrically heated rig capable of.taking a full-sized bundle. 
Project Status ~ 
Dryout has been studied as a function of the bundle geometry, flow, etc. 
5. Next Steps 
Further measurements to study the effect of power distribution and bundle 
geometry, and the effect of a continuously-running spray. 1 
Reference Documents 
Internal documents. 
Obertelli and Owen AEEW-M935 (Unclassified). 
.. 




Berichtszeitraum/Period K!ffi~i~kation/Ciassificataon Kennzeichen/Project Number 
1. 1. 77 
-
31.12.77 "RS 97 A 
Vorhaben/Project Title Land/Country 
Korperschallmessungen an Reaktordruckbehaltern FP.n Fordernde Institution/Sponsor 
und am Primarkreislauf von Kernkraftwerken m 1FT Auftragnehmer/Contractor 
Allianz-Zentrum fur 
Solid-Borne Sound Heasuring on Reactor Technik 
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1. ' General aim 
The. object of Project RS 97 A i~ the detection of impending damage 
to the core components and in the primary circuit of the cooling 
system at an early stage. An essential feature of this measuring 
system is that the transducers are located outside of the reactor 
pressure vessel and the remaining cooling system, and that infor-
mation can thus be obtained on the behaviour of the core components 
and the primary circuit .during operating, with simultaneous moni-
toring thereof. 
2 .. Particular objectiv~s 
The particular objectives and main emphasis of Project RS 97 A are: 
2. 1 Study of parameters cm an experimental loop for a Leak 
Detection and 1·1onitoring System based on acoustic emission. 
2. 2 Development of an enlarged Loose Parts ~1onitoring System 
(LPMS), with which loose and loosened parts can be 
detected (on-line) and located (off-line). 
3. Research program 
3.1 The research program for the study of parameters for the Leak 
Monitoring System embraced a total of about eighty experiments: 
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Four Types of leaks: 
Two leakages rates:· 
Three enthalpies: 
Background noise: 
leaking flanges, leaking valves, 
cracks, nozzle throat. 
24o 1/h to 24 1/h 
steam, \'later/steam, water 
yes/no 
Investigations were carried out to determine what is the best 
type of transducer, in which optimum frequency range leaks are 
detectable and in which manner different types of leaks are 
discernible in solid-borne sound by means of noise analysis. 
3.2· LPMS: In continuation of Project RS 97, it is plahned to 
I ' 
design.and produce a prototype of a Loose Parts Monitoring 
System. This system will be tested with the aid'of signals 
from loose parts in a reac~or pressure vessel which were 
recorded on magnetic tapes. 
4. ; Experimental facilities 
4.1 For the study of parameters, the Kraft\'lerk Union· Erlangen has 
made available an experimental loop, \'lhich made it possible to 
simulate leaks under specific reactor conditions •. , 
4.2 For the production of printed circuits and a prototype, the 
requisite facilities are available at the Allianz-Zentrum. 
4.3 Computer codes: For analysing the noise of leakages, the power 
spectra are calculated, which are issued yia display or 
X-Y-recorder and are also stored on discs for subsequent 
recall. 
5. _ Progress to date 
5. 1 In cooperation with the Kraftwerk Union Erlangen and the 
Battelle-Institut Frankfurt, the research·program on leaks was 
implemented. The noises of different types of leaka9es were 
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recorded on magnetic tapes and were then analysed in off-line 
procedure. During the course of the tests, television recor-
dings were also made on magnetic video tapes for optical 
documentation of the water or steam jet. Some tapes were 
handed over to the Reactor Safety Association Garching for 
special moise analysis. 
5.2 Circuits for a data logger of a Loose Parts Monitoring System 
were des~gned and prepared. The data logger is mounted into 
a 19" rack-cabinet. 
This system works in accordance with the following operating 
modes: 
automatic data logging: if typical solid-borne sound 
signals occur in the form of burst signals and these 
102.1 
exceed the threshoed. of the level discriminator, the solid-
borne sound sigpal ind~cator is set. The first incoming 
measuring point is stored and displayed. The magnetic tape 
recorder is started and then records the signals for a 
certain time. 
operating by hand: the 4 channels of the magnetic tape 
·recorder can be allotted to each measuri~g point. The 
recording is started by hand. 
replay from the tape recorded signals is p·ossible. They 
can be reco+ded on the recorder strip chart as a hard-
' copy. 
an audio module permits the hearing of signals from 
selected accelerometers. It acts either as a·remote 
stethoscope listening to the operation of the selected 
components or. as equipment for receiving the recorded 
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an early warning of impending malfunction can be obtained 
by comparing known audio or tape records with operating 
signals. 
5.3 The Loose Parts Monitoring System was enlarged by a computer 
code/ which computes the ranges of the sources of the bur~t­
signals after input of the delay times between the different 
measuring points. Another code outlines the cylindrical shell 
of·the reactor pressure vessel and plots the location of the 
source of the burst signals with the aid of the hyperbolic 
cross-method. 
6. · Essential results 
6.1 The evaluations of the pre-experiments for leak monitoring are 
completed. The essential results are: 
spectrum analyses and evaluations ·of the ru1s values of 
the narrow and \'lide bands as \'lell signals show that the 
the noise level depends on the leak cross section as well 
as on the leakage rate. 
good leak detection efficiency was demonstr.at'ed against 
background .noises exi~ting at the time. 
it was possible to detect all investigated leakages rates 
> \ (= 25 kg/h), even with the most remote transducer (6 m 
from the leak). 
the limit of detection for the nozzle throat, leaking 
flanges, leaking valves and cracks - determined by means 
of linear regression- is iri the proximity of·1o kg/h 
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7. Next steps 
The pre-experiments on a test loop with simulated leakages, clearly 
showed that 
local leak monitoring using transducers near the component 
is easily possible. 
it is still not possible to determine ~·Thich of the optimum 
freque~cy ranges and which of the qualified transducers 
suitable for a global Leak Monitoring System is the best, 
() using only a few transducers over a wide range of the cooling 
system. Without knowledge of the operating noises of the 
various types of reactors final conclusions cannot be drawn. 
Noise measurements are therefore to be carried out at .various 
power plants on different components during operation. 
8. Relation with other projects 
Battelle Institut Frankfurt: 
RS 193: "Pre-experirnents for Leak Monitoring by means of Acoustic 
Emission Analysis". 
9 .. Reference 
P. Jax, Battelle Institut Frankfurt 
"Vorversuche zur LeckageUberwachung mit Hilfe'der Schallernissions-
analyse". 
BF-R-62.944-1. 
B. Raible, Allianz-Zentrum fUr Technik I:smaning 
"KBrperschallmessungen an Raaktordruckbehaltern·und am Primarkreis-
lauf von Kernkraftwerken". 
Teil 1: Vorversuche fUr ein LeckUberwach.ungssystem. 
Bericht zum Forschungsvorhaben RS 97 A. 
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' 1o. Degree of availability 
' All reports specified under 9 are available at the "Gesellschaft 
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1 • General aim 
The object of this project is the development of a Leak petection 
and Monitoring System based on acoustic emission, wit~ the aid of 
which leakages can be detected and located on pressurized com~o­
nents. 
As opposed to the hitherto applied methods ·of leak detection the 
significant features of an acoustic emission system are: 
\ 
very short respohse time 
higher sensitivity 
precise leak location capability. 
2. Particular objectives 
In continuation of the development of a Leak Detection and 
Monitoring System for the reactor coolant loop based on acoustic 
emission, the particular object.of this project is the measuring 
and analysing of noises, which are emitted during operation of 
the PWR and BWR and a test circuit in the frequency range from 
1 kHz to 1 .MHz. By the installation of various types of sensors, 
data is obtained on which type of sensor is best suited for the 
most favourable frequency range. 
The so-called ~·operating noises 11 depend on the operating cond:itions, 
e.g. on the parameters of the medium in the cooling system. 
1.o8.77 31.12.77 
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Typical "operating noise patterns" are measured in the above-
mentioned frequency range and compared with the "leakage-noises" 
of simulated leaks. 
Furthermore, the propagation of sound in the actual structures 
of various components is 'investigated with the aid of an artificial 
noise source. 
When the noise pattern dependent on the various locations in a 
reactor cooling system and on the working conditions is known, 
an "atlas of noises" can be compiled, which then represents the 
() basis for an acoustic monitoring system. 
3. Research program 
The points of main emphasis of this project work are meas~rements 
of the operating noise:in a wide frequency band during the phase 
of initial start-up (zero power phase) and during power output. 
The project embraces the following 5 points: 
extensive operating noise measurements using 1o measuring 
points on the reactor cooling system of a Pressure Nater 
Reactor (PWR) during the non-nuclear phase of the initial· 
start-up (first hot-check-operation) and at the same time, 
measurements of the sound propagation, too. 
comparative measurements in a PWR at 4 measuring points on the 
cooling system during power output (nuclear phase) • 
comparative measurements in a BWR at 4 measuring points on 
the reactor cooling system during pm·;er output. 
operating noise measurements at a test plant to compare the 
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' the development of an a~tificial noise source for sound 
propagation and attenuation measurements (Battelle-Frankfurt) • 
In cooperation with the Kraftwerk Union Erlangen, the Battelle-
Institut Frankfurt and the Gesellschaft flir Reaktorsicherheit 
Garching, the research program was elaborated and will be carried 
out in joint paitnership. 
4. Measuring facilities 
r', The measurements are carried out on two types of reactor 90wer 
\ ) plants, the BWR and PWR and on a test plant of. the KWU Erlangen. 
Measurement facilitation depends on timing and on the moment when 
a P~'lR is in the start-up phase or a PWR or a BNR is in the 
refuelling phase. 
5. Progress to date 
In 1976, .the noise of simulated leakages on a test loop was measured 
using accelerometers for ·the low frequency range and ultra-sonic 
transducers for the high frequency range. _The spectrum of the 
leakage noises and the measurements of the narrow~band ru1s values 
c~ show that the noise level depends on the leak cross-section as well 
as the leakage rate, in both the low frequency and the high.frequen-
cy range. From the background noise existing of the time, it was 
shown that there was good se~sibility for leak detection. 
On the other hand, before deciding on the optimum frequency range 
and on the best type of sensor for a leak.monitoring system, th~ 
actual operating noise in the above-mentioned frequency range, 
under various working conditions and on various components, must 
be known. 
For this project RS 29o in 1977, the first step carried out was 
noise measurem~nts on actual reactor components of the Power Plant 
Biblis A after refuelling~ The most important analyses of these 
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measurements are to hand. 
6. Essential results 
The essential results are: 
the noise level in the reactor components is higher ·than on 
the test-loop, where measurements were conducted in 1976. 
in a power plant during power output, the noise level differs 
in the various.components. It increases in the following 
() sequence: 
main-steam pipe 
main-cooling pipe hot (reactor vessel outlet) 
feedwater pipe 
main-cooling pipe cold (reactor vessel inlet) • 
,... the noise-.level fluctuates as time progresses, this applying 
to both the narrow-band and wide-band measured values. 
This behaviour is still under discussion; an explanation for this 
is not yet to hand. 
7. Next steJ?S 
As the next step, it is planned to conduct measurements at the 
Power Plant Gosgen during the non-nuclear first and second phase of . 
the initial start-up (1st and 2nd hot-check-operations). 
8. Relation with other projects 
RS 97 A, Allianz-Zentrum flir Technik 
"Solid-Borne Sound Heasuring on Reactor Pressure Vessels and 
on the Primary Circuit of the Cooling System. 
1st part, Pre-Experiments for a Leak l1onitoring System." 
1.o8.77 31.12.77 5 - RS 29o 
RS 193, Battelle-Institut Frankfurt 
"Pre-Exper1ments for Leak Monitoring by means of Acoustic 
Emission Analysis ... 
RS 289-RS 292. The project RS 29o must be seen in close 
connexion with the projects RS 289 to RS 292. 
9. Reference 
P. Jax, Battelle-Institut Frankfurt 
"Vorversuche zur LeckageUberwachung mit Hilfe der Schall-
emissionsanalyse" 
BF-R-62.944-1 
B. Raible, Allianz-Zentrum fUr Technik Ismaning 
"Korperschallmessungen am Reaktordruckbehalter und am Primar-
kreislauf von Kernkraftwerken." 
Teil 1: Vorversuche fUr ein LeckageUberwachungssystem. 
Bericht zum Forschungsvorhaben RS 97 A. 
1o. Degree of availability 
All reports specified under 9. are available at the "Gesellschaft 
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1. General Aim 
Development of a surveillance system :fo~ leaks on an acoustic 
basis tor the primary system o:f a nuclear, power plant. 
Compared with the methods previously used :for leak detection, 
this surveillance system is to show :fast reponse and higher 
sensitivity at a substantially improved accuracy of locating 
leak.- • 
2. Particular Objectives 
The structure-borne sound emitted by nuclear reactors and 
experimental plants during operation in the frequency range 
trom about 1 kHz to about 1 MHz is to be recorded and analy-
zed. Use o:f various sens'or types - the institutions parti-
cipating in this project, i. e .• Allianz-Zentrum-fiir Technik, 
Iamaning;.Geaellaeha:ft £Ur Reaktorsicherheit, Garching; and 
K\vU, E1•1angen, will make measurements in the low-f'requency 
range up to 80 kHz, while Battelle will pertorm measurements 
in· the ultrasonic range- is to provide.intormation about 
the optimum £requency range :for a surveillance system fo~ 
leak• and the most suitable sensor type. For this purpos• 
the noise patterns typical ot Pw~ and B~~ systems will be 
examined and compared with the nleakage noise'! measured ort 
experimental plants ana artiticial leaks. 
In addition, the acoustic wave propasation in the rea~ 
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,3. Research Proe;ram 
) •. 1 · Extensive measurements of the operating noise at ~he cooling 
system of a .P\VR while putting it· into operation (hot trial 
runs) at ten measuring points, and measurements of acoustic 
wave propaga;tion 
J. 2 J'le:ference me·asurements on ~ P\vR during power· op.eration:, · with 
four ~easuring points at the reactor cooling ~ys~em 
).) Reference measurements on a BHR during power operation, with 
four·measuring points at the reactor cooling system 
Measurements of operating noise on an experimental loop of 
the K\VU in Erlangen, .with ·four measuring points, for .corqpari-
son with the operating noise measured on nuclear reactors, 
to be used as a basis ·for future investigations 
D~velopm~nt of an artificial noise source. for acoustic wave 
attenuation measurements 
4. Experimental Facilities, Computer Codes 
Ad ).1 The measuring line consists of a sensor, a wide-band pream-
to ).4 plifier (amplification 40 dB) with a band-pass filter. ad-
j)lsted to the frequency range and a m"a.in amplifier. The 
signals are temporarily ·stored on a magnetic tape unit with 
a high upper frequency· limit of 1.6 NHz. For evaluation 
' 
·during the experiment and afterwards from the tape, the 
, I 
average signal' levels are recorded b.y means of an r.m.s. 
voltmeter, and th1~ fre«;!uency spectra .are evaluat:ed by means 
of a Fourier analyzer consisting of t~ansient.recorder, 
Fourier processor an~digital magnetic tap~ storage unit. 
Ad ).5 The 'rtoise source· consists of a mobile compressor with 
'reducing valve for exact pressure ·adjustment, ~ne long 
flexible tube, and the head that can be attach~d to the 
structure by means of a magnetic h~lder; in this head the 
noise is' generated by, the air passing through·a no~zle. 
' 
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5. Progress to Date 
Ad 3.1 Installation qf 24 sensors at 11 measuring point~ in the 
primary system of the Gosgen-Daniken nuclear power station. 
At each measuring point there is a wide-band high-tempera-
ture sensor (sensitive in the range between 0.1 and 1 ~rnz), 
which is directly attached to the structure by means· of a 
heat-resistant silicone paste, anq a resonant 70-kHz sensor 
attached through waveguides. Depending on the local condi-
tions, the holder is either screwed in or attached by a 
clamp connection. 
() Ad 3. 2 Installation of ten sensors at four measuring points in the 
Biblis A nuclear power station. Sensors same as abov& 
(Gosgen-Daniken nuclear power station); fixed by clamping 
devices. 
Recordipg of the operating noise on magnetic tape during 
selected periods of time. Measurement of the r.m.s. values. 
Start of the evaluation of the magnetic tape recording. 
Ad 3.5 Design and construction of a uoise source for the genera-
tion of continuous noise by escaping air. 
Investigation of the effect of varipus parameters (nozzle-
to-object spacing, nozzle shape, nozzle diameter, air 
pressure, and surface roughness of the object to be exami~ 
ned), using a large steel plate and a steel block, on r.m.s. 
value and frequency spectrum in the case of wide-band recor-
ding of the noi$e. 
The work under item 3.5 has largely been completed. 
6. Results 
Ad 3.5 The objective of this phase of research (noise source 
reproducibly generating w~de-band noise in the frequency 
range between 10 kHz and 1 }ffiz) was achieved with the 
following 'parameters: air pressure 10 bar, Laval nozzle with 
1 mm diameter and 1 mm or 10 mm distance from the object. 
A comparison with first results obtained in measurements at 
Biblis showed that the AE intensity of the source at a 
nozzle distance of 10 mm is of the same order of magnitude 
as that of the operational noise at Biblis. 
() 
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The bandwidth of the emitted frequency spectrum was found to 
increase with decreasing nozzle diam_eter and distance and 
with increasing pressure. In addition, -these systematic 
investigations provideq information which is of interest in 
connection with the generation and propagation of leakage 
noises. 
Steps 
Neasurements during hot trial runs 
Evaluation of the measurements 
Installation of sensors 
Relation with Other Projects 
The research is being ionducted in close cooperation with 
the Allianz-Zentrum fur Technik, Ismaning; '~j_ th K\VU, Erlan-
gen; and with the Gesellschaft fur Reaktorsicherheit, Gar-
ching (projects RS 290 toRS 292). It is based on results 
of the research project RS 19). 
9. References 
. I. 
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K...'t.AFT\o/ERK UNION AG 
Noise Measurements on Nuclear Power Plants Rea_'l{tortechnik 
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up to approx. 1 MHz R 214, Erlangen 
Arbeitsbeginn/initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
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2. 
General Aim: 
To develop a leakage monitoring systeo on an acoustic basis 
for pressure boundaries of safety related reactor systems. 
Compared with current leakage detection met~ods, this type 
of monitoring system is expected to ach.ieve quick response, 
'. 
enhanced sensit·ivity and a considerably improved localization 
of leakages. 
Particular ObjectiYes 
Subsequent to the development of an acoustic leakage 
monitoring system for reactor cooling systeos, it is the aim 
of the program to evaluate and analyse the. sonic emission · 
in the structure o:f operating reactor and test p:J_ants within 
a frequency range of ap~ox. 1 kHz U? to approx. 1 MHz. 
By the use of different types of t~a2sducers, the optimum 
frequency range for a leakage monito~i~g system, and 
the most suitab~e tra-~sducers will be determined. 
This sound emission, here called 11 0?erating noise" depends 
- among other things - on the operati~g condition of a plant, 
i.e. on the parameter ·of the cooling system medium. Thus 
typical "operating noise" sound patterns will be • · 
established for both P\f.R.and BWR pl~~ts within the above 
frequency ranges vrhich then will be compared vd th 
"leakage sounds" observed in test pla.~ts and simulated 
leakages. 
0 
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Furthermore the sound emission caused by an artificial noi'se 
source in real structures will be investigated. 
3. Research Program 
Central point of the experimental part of the program will 
be broad-ban,d measurements of operating noises .during start-up 
and during power operation. 
The test matrix is as follows: 
3·.1 Comprehensive measurements of the operating noises observed 
on a P~ffi during start-up operation (hot functional test) 
using 10 measurement points for the reactor cooling syst_em 
and sound ~ropagation ~~d attenuation ~easurements. 
3.2 Reference measurements on a PWE during power operation 
using 4 measurements points in the reactor cooling syst_em. 
3. 3 Reference measurements performed in a B\·ffi during power 
operation Uping 4 measurement poonts in the reactor cooling 
system. 
3.4 Measurements of the operating noises observed in a test 
plant as compared to those obtained from reactors giving·a 
() basis for further investigations with 4 me~surement points. 
3.5 Developme~t of an artificial noise source fo= attenuation 
measureme~ts. 
4. Exnerimental Facilities 
Plant measurements performed both during co~issioning phase 
and in operation as well as preparation for such measurements 
including necessary installation and assemblies, access to 
~rd- and software required as well as close co-operation 
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5. Progress to Date 
To 3.1 
6. 
In Nov. 77 measurements in Bib lis A '\-rere perfo.rmed at: 
main coolant line hot 
- main coolant line cold 
- feed water line 
- steam line 
Measurement procedures for first measurements in Gosgen-
Daniken (first hot operational test) were prepared and 
checked. 
To 3.5 
The noise source developed at the Battelle-Institute 
Frankfurt (BF) was tested in De~. 77 using a BF test 
plate. The no~se spectrum emitted was recorded in the 
low-frequency area as a function of various parameters. 
The results obtained provide the basis for the use of 
the noise source in Gosgen-Daniken. 
Results 
To 3.1 
The signal amplitudes - given in g-lli1S - of the operating 
noises obtained were recorded at the above measurement 
points at various times and analysed with respect to height, 
local distribution ~~d operation-related variation. 
During operation almost periodical intensity fluctuations 
were observed on the main' steam line which may be caused 
-according to present state of knowledge- by/a minor, 
almost periodically opening "internal leakage"~ According 
to the operato~, a correlation exists to the main steam 
quantity indication. 
JoJ(, 
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It was found that the distance of the compressed-air nozzle 
from the test plate is a decisive par~e~er for the low- ' 
frequency portions of the noise spectrum. w~ile very high 
frequency portions ( 500 kHz) result from the 1 mm distance, 
at 10 mm distance higher intensities will be excited in the 
low-frequency part of the spectrum ( 100kHz). From. the in-
tensities measured the use on.flow-through·components 
appears to.be promising. 
Next Steps 
To 3.1 
Further detailed evaluation. 
Performance of measurements and evaluation •. 
To ;.; 
Organisational arid technical preparations in order to perform 
the working program during nuclear operating test in NPP 
Isar~ 
Relation with.Other Projects 
References 
10. Degree of Availabili.ty 
---
' ~ ' 
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1. General Aim 
2. 
At present, within various research projects concerning the 
quality assurance in nuclear po-v1er plants new on-line surveil-
lance methods and systems are being developed, which permit an 
early detection and localisation of mechanical faults within 
the primary circuit of power reactors. (e.g. vibration surveil-
lance, loose particle detection}. Part of this problem area is 
the development of a new leakage surveillance system using 
acoustic noise. It is the aim of this project, to investigate 
the possibilities of such a system, which as compared to sys-
tems used :up to now, has a higher sensitivity, a faster re-
sponse and improved localisation possibilities. 
Particular Objectives 
Allianz Ismaning, Battelle Frankfurt and K~W Erlangen nave 
proved the principle applicability of acceleromet~rs and ultra-
sonic gauges in the course of previous investigations in a test 
loop with simulated leaks. As a decision on ~he applicability 
in reactor plants, the optimal frequency range and the sensors 
which are best suited for leakage detection can be achieved 
only when knowing the noise generated during normal reactor 
operation, the present investigations shall be performed in the 
primary systems of nuclear power plants. The two objectives of 
this work are . 
the investigation of the influence of the structure upon the 
sound propagation by means of correlation analysis 
signal management by means of a uniform system in order to 
enable a comparison of the results gained from signals rneas-
1.10. - 31.12.1977 





·ured by the various participants in the project during 
selected operational conditions. 
Tests with an artifical noise source are of special i~portance. 
Comparing the measuring results with and without.noise source 
permit to investigate the filter behaviour of the reactor struc-
ture,'th~ actual sound propagation and finally, to what exten.t 
the results of the test loop can be transferred to an actually 
operat~d reactor coolant loop. 
3. Research Program 
() 3. 1 Planning and performing of the measurements of the operational 
noise in the framework of the committee responsible for the 
projects RS 289 to RS 292. (Tests s~all be performed during a 
first (test) operation of a PWR and during power operation of a 
P'VJR. and a BWR. ) 
3.2 
3. 3. 
Diqitalisation apd investigation of signals mea~ured by differ-
ent sensor types' during selected test ·phases, by means of a 
stochastic signal analysis.' Comparison of results with reference 
to the different measuring methods. 
Analysis of .selected signals by means of correlation methods in 
order to investigate the influences of the reactor structure 




The computer codes DIGI, DIGCHN, TUl-1X92, TUMX68 w~ll be used. 
Further,on special storage and analysis equipment will be needed. 
Progress to Date 
Planning of the measur~ents in Biblis A and Gosgen was per-
' ' formed in. cooperation with the other participants in the proj-
ect. First analyses were performed \·lith the Biblis A data. 
6. Results 
The investigations were started with the reference measurements 
in Biblis A because qf operational reasons. First results are 
to be expected in connection with the analyses of the signals 







1.10. - 31.12.1977 
- 3 - RS 292 
7. Next Steps 
In the beginning of,1978 measurements of the operational noise 
and the artifical noise source in the Gosgen plant will be per-
formed. The BWR-measurements will be done during the second 
quarter. 
8. Relations With Other Projects 
The project has to be seen in tight connection with RS 289 
(Battelle Frankfurt), RS 290 (AZT Ismaning) and RS 291 (KWU 
Erlangen). It is based upon the results gained from the former 
projects RS 97A and RS 193. 
.. 
Berichtszeitraum/Period Klassifikation/Ciassification Kennzeichen/Project Number 
n1 n1 1q77-31 12 1977 10.4 RS 0066A 
Vorhaben/Project Title Land/Country 
NodellmaBige Behandlung der Schwingungen von FR!1 
Kerneinbauten in Leichtwasserreaktoren Fordernde Institution/Sponsor -
B1·1FT 
- Auftragnehmer/Contraetor 
vibrating Lehrstuhl f. Apparate-No del calculation of core compo- technik und Anlagenbau 
nents in light water reactors 
Universitat Erlangen 
Arbeitsbeginnllnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
01.11.1974 31.03.1978 Prof.Dr.-Ing.E.Klapp 
Stand der Arbaiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing December 1977 486.315,-- D1tT 
1. General aim. 
c~·) Apparaturs and plants using large quantities of fluids are often dama-
ged by flow-incluced vibrations. It is not possible by theory to gain 
information concerning the best way of laying out a mechanical structure 
to reduce or eliminate vibrations. Under real conditions the flow pat-
tern itself and the geometry defined by the mechanical structure are 
very complicated. It tqerefore' remains for the experimental engineer to 
explain the relationship between the movement of the mechanical 
structure and the excitation caused by the flow. For a systematic 
investigation in the planning stage experiments making use of models 
/ ·· .. 
\. ...... : 
can also be carried out complementary to measurements taken at the 
plant itself. Mod~l technology is justified theoretically in mechanics 
of similarity. 
2. Particular objectives 
Under investigation are the flow-induced vibrations of the core compo-
nents in the reactor pressure vessel of PWR caused by the flow of the 
main coolant. The measurements are 'taken· of pr~ssure vessel models 
(scale~ 1:10) of normal const~uction (4-loop-plant). 
The main goal is to obtain criteria for a safe design of core compo-
nents and to test if model experiments in the project stage of new 
plants are suited to predict damages caused by flow-induced vibrations. 
To solve this problem it is necessary to knoH the response of the 
st~ucture according to the dynamical load caused by the main coolant 
flow. For a safe design of a mechanical structure it is important to 
be sure that there is no dominant feedback-mechanism {fluid-resonant, 
fluid-dynamic, fluid-elastic}_in the flow field; the effect of feed-
back is always a selective amplification of the load energy about 
01.01 .1977-31.12.1977 
- 2- RS 0066A 
dominant frequency bands associated with an increase of spatial cor-
relation. Without feedbackmechanism the load energy in a turbulent 
flow, which causes the structure to vibrate, has a statistical distri-
bution being unable to excite the structure systematically 
3. Research programm 
3. 1 Derivation of the characteristic numbers relevant. for this prob-
lem, from the mechanics of similitude. 
3.2 Experimental research on a model similar to a hydrodynamic setup 
with air as flow medium (uncoupling the flow field from the in-
fluence of the structural movements) 
3.3 Experimental research on a model similar to a hydro-elastic.setup 
with water as flow· medium (viewing of the flo\'r system coupled 
with the structural movements) 
3. 4 Possibilities and limits of the theoretical treatment of vib.ra-
tions induced by the flow of the main coolant in the core com-
poments of PWR; dev.elopment of a semiempirical mathematical mqdel 
4. Experimental facilities; computer codes 
See th~: report for 1976 
5. Progress to date 
3 •. 2 Completion of the core assembly and experiments with the hydro-
,--,., dynamic similar model \,_) 
3.3 Experimental setup and instrumentation of the hydro-elastic 
similar·model 
3.4 Theoretical work in the field of flow-induced structural vibra-
tions. 
6. Results 
3.2 It was shown by acoustic excitation that singular peaks in the 
spectrum of the·pressure pulsations, dynamical~ystraining the 
core components, are due to resonance phenomena in the model's 
zone of flow. Superposed to these peaks are flow induced in-
fluences. Since both phenomena have different physical causes, 
there can be no common scale factor in the .test data's transfer 
from model experiments with air as medium of flow to a similar 




















- 3.- RS 0066A 
well as for the frequency ranqe of the pressure pulsations: 
a.) E~~!~:B~~Q~~~s~-~EE~2~~ 
Aside the geometry the velocity of sound in the flow field 
.. 
is the essential influence for the dirnensionsless freque~cy 
scale. For the 'dimensionless amplitude scale the interferance 
I 




For the.dimensionless frequency scale is the geometry next 
to the velocity of flow of essential influence; in the ampii-
tude range the flow's degree of_turbulence aside from a cha-
racteristic pressure head is especially su~ted for a dimen-
sionless representation of the pressure pulsations. 
Consequently both influences must be recognized and separated 
for a meaningful transfer of this expe.rimental program's test 
data to a large scale setup 
3.2 Durinq the period of this report it was possible to complete the 
construction of the model and the final setup of the experimen-
tal plant. The general view (figure 1), shows the hydro-elastic 
model of the reactor pressure vessel with core components. So 
farit was possible to implement the concept of simultaniously 
measurement of movement - and load factors at the same positon 
of. the mechanical structure. E.g. there \vere adapters built 
for the test positions at the core barrel, each adapter holding 
2 pressure transducers and 3.acceleration transducers. The first 
test runs were used to check the experimental plant in actual use 
and to evalnate the plliup's and loop's influence on the pressure 
vessel. 
3.3 In a theoretical study'the fluid's influence on the behavior 
of vibration of the adjoin~ng mechanical structure was analyzed. 
This was based on the common model of hydro-elasticity (figure 2). 
Through simplified assumtions approximative solutions were to 
be found, which describe the experimental results adequately 
exact without demanding excessive calculations. Naturaliy the 
geometrical conditions are of substantial influence. Through 
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virtual mass and additional damping (due to the fluid in the 
ring. gap) between pressure vessel and core barrel. 
7. Next steps 
3.2 Conclusion of the experiments with air as the flm.; mediu;m 
3.3 Measurements with the hydro-elastic model; experimental determina-
tion of dle mechanical properties of the hydro-e1astic model 
3.4 Development of semi~empirical modelr of flow induced vibrations 
of the core components of PWR 
8. Relation with other projects 
See this report· for 1974 
9. References 
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3"1 • '12. '10.4 :RS 218 : . I • I 
Vorhaben/Project Title Land/Country 
~ . t lJ Untcrsuchungen zur A.bsiche:-·.:..::~ F:tG .u:-:-:)el"ln!r3ll je .e 
. 
von Druckbeh~ltereinbauten gegen .._ .. s~,rom.ungs- Fordernde Institution/Sponsor 
:indtt~ierte Sch\vingungen beim Siede\·;s..sser- 3:·7~~ 
reo.l;:tor, I1odell-VorveJ."'ouche Auflragnehmer/Contractor 
K .. ~TWERK IDTION AG 
E)..--perime~tal Investigation of Protection o: Reaktortechnik 
/Pressure Vessel Internals against Floi'T-
Ind1.1Ced Vibrat:Lons in BHR Is, scaled pre- R ~2, Karlstein tests 
Arbeitsbeginn/lnitiated Arbei tsende/Compl eted Leiter des Vorhabens/Project Leader 
..., C1. 1q7s :;;'1 • '!?. '1q'77 :!).,...._!l. _S5__.'TID~..., ' . 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewi!ligte Mittei/Funds 
Co::npleted ...,/\ 12. '1977 -'176.080,-- Dr1' J ')I • 
.... , . General Ain 
The project consists of investibatio~s of the effect of 
higher fluid velocities at the pum? o~tlet on the vibration 
behaviour of RPV internals in the 3":2 cere inlet :plenum, 
in which the advanced internal Bw~ coolar.t recirculation 
pump has been installed. 










Protection by experimental neans o: ~~e cu=rently constructed 
control rod guide tubes and in-core i~strumentation tubes 
considering their vibrational beha-.-:.o~;.r. 
Rese~rch Progr~ 
Overall Program 
Pre-tests on a 1 : 5 scale model 
Preparation for tests 
Vibration measure:ne~ts at t~e Karls"':ei:2 test sta..'Yld 
Evaluation of tests 
l"Ieasurements in a 1300 'f:'I.V.l standard "'Jla.=.t 
Exoerimental Facilities 
Pre-tests on a 13\I:il flo1'; model ("1 : 5 scale) •,.;il~ be :performed 
in order to· make sure· that raprese=.-:ati ve flo1·1 fields are 
present in the Karlstein test sta~c. It is planned to 
investi~ate in Karlstein 1'1 original control rod guide tubes 
\ 
including their supports and \vi tn c··-.-:t control rods, and 
4 in-core instrumentation tu~es, i~ -:~e ~ost adverse :position 
~ • '; • r;r; - 3'1 • "12 • 77 2-' as 21s 
5-
with respect to vibrational effects, 
2nd control rod r;uide tube ro,:rs. 
Procress to Date 
Pre-tests have been run to assu::::'·~ 
, . "' ,,;nJ.c.. are the 1st and 
deviation 
of the naxir:m.m velocity measure.: i::. the .!'ull-scale 
:LJ.odel ·will be less t~an '10 ;;6 con?a.::-e:. id t~ the 1 : 5 
scale model. 
The velocity distribution i•Ias m.e:::..s'-1::-ed •,·;i t!l parallel opera-
tion of all pumps. vli th tivo prepa::-ed. control rod guide 
tubes the pressure fluctuation • ..;as :::.e·asured. around the 
control guide tubes. 
After modification the flo\·.r model, sir:mlating a ~6 ° 






The tests shm·red that the ":::>y-pass line, •:fn.icb. ":!as us~d 
for modification of the flow dist=ioutio~ to those of 
the full-scale model, ha:d no in.!'luer:.ce on the flo'\'l 
distribution behind the core barrel. Therefo~e the 
heat-wire measurements 1·1ere carrie:i out •:;ith o-oened 
... 
by-pass. 
The evaluatio~ of the flow dist::-io'.ltion ~d pressure 
fluctuation measurements shovred t~at in t~e region of 
the 1st control rod line no difference ~·ias fou.."'ld bet\•reen 
full-:::.ocel ~d seg~e~ted model. ?or the .... . ~na 
.. 
~ 3 . a."l..... ra 
line the results were not compara":>le as the lo..,.,rer part 
was changed in the segmented model. 
Next Ste"':)s 
The work has been completed, the final report will be 
written. 
Relation with Other Projects 
' .. f 
~- 1. 77- 31. 12. 77 ... 
- '-
9. References 






Berict .tsze,traum/Period ~t5~if4kation/Ciassification Kennzeichen/Project Number 
1 • 1 1 • - 31 • 1 2. 1977 RS 297 
Vvrhaben/Project Title L~&ountry Schallsignale in Kreiselpumpen 
hei 2-Phasenstromung Fordernde Institution/Sponsor B?-IFT . 
Auftrainehmer/Contractor 
Sound Signals from Centrifugal Technische UniversiUI. 
Pumps Working in Different Berlin 
Flo\v-Regimes In~~itut fUr Kern-tee nik 
t 
, Arbeitsbeginn/lnitiated Arbeitsende/Completed Letter des Vorhabens/Project Leader 
1. November 1977 31. Oktober 1980 Prof.Dr.-Ing.U.Wesser 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
DH 337.940,--
continuing Dec. 31 ' 1977 - -
-
1. General Aim 
Q The purpose of this project is the development and test of a flow-
regime detection method for centrifugal pumps. The investigations 
are part of experiments in the field of loss-of-coolant accidents in 
nuclear reactor power ~lants. 
2. Particular Objectives 
Primary investigations· are carried out at Insti tut fUr Kernt~chnik 
(IKT), TU Berlin, to test if characteristic quantities of sound will 
be significant influenced by different flow-regimes in centrifugal 
pumps. LOBI-pump-tests as WCL-Hamilton-Canada yield sound signal re-
cords corresponding to the later blown-down data ol project RS 109 
and for developing the measuring system. Sound signals detected 
1
, "· from centrifugal pumps during test runs' of project RS 109 at Ispra 
\J are analysed to identify different flow-regime$. 
3. Research Program 
There are three research activities: 
3.1 Primary investigations '\dth pump test facility at IKT 
3. 2 Data collection during LOBI-pump-tests at \~CL-Hamilton-Canada 
and developmcint of measuring system 
3.3 Analysis of bl~w-down.:..test records of project RS 109 at Ispra. 
4. Experimental Facilities, Comnuter Codes 
The blow-down facility at IKT for primary investigations contents 
mainly pressure vessel and blow-dmvn pipe \vi th centrifugal pump. 
Test fluid is destillied water degassed by boiiing. There are two 
pump operation modes, operation in forward and in .reverse direction. 
() 
1. 11.-31. 12. 1977 
-2- RS'297 
The flt1id signals in the audible and in the ultrasonic rarige of fre-
quencies are detected with impact sound and with air transducers lo-
cated at different poi'nts of the p)..lmp. 
s. Progress to Date 
s. 1 Primary investigations ldth pump test facility at IKT. Data of 
b:elf pump test runs at IKT are recorded and analysed. Experi-
mental parameters - fluid temperature and pressure and the flo\v-




The signals of each sound transducer, in the audible and in the ultra-
1sonic range of frequencies, depend on the experimental period of blow-
down test run ahd therefore on the prevailing conditions of flow-re-
gime. Test run periods, with high void fract~on gave rise to great 
magnitudes of Power-S~ectral-Density. Also increasing fluid tempe-
rature and pressure- tended to augment Polver-Spectral-Densi ty ~or all 
flow-regimes, see Fig. 1. The evaluation time for each experimental 
point corresponded with the time necessary to analyse blolv-down ex-
'periments. 
·· 7. Next Step () 
The research program lvill be continued with the measurement of flmv-
regime sound signal during LOB I -pump-tests at l\'CL-Hamil ton-Canada. 
8. Relations with Other Projects 
Cooperation exist with project RS 284 "Kavitationssignale''· Primary 
investigations are carried out in the blo"t.;-dolvn facility of RS. 135. 
Final aim is the analysis of data at the blow-down loop of Euratom 
Ispra, project RS 109. 
9. References 
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------------~--------~~--------~--------~--------------~------Kiassifikation/Ciassification Kennzeichon/Project Number 
-=-1~·- ...... 10.4 '? • 
Vo: tl:.ben/Project Title 
Statistische Analyse von kavitations-
spczifischen Schallsignalen aus Not-
klihlpumpen 
Statitical analysis of cavitation sound 
from emergency cooling pumps 
Stand der Arbeiten/Status 
continuing 
7 
















4 3 9 • 1 8 0 • - - DM 
(') The purpose of this ·projects is to determine the variation of· sta-
tistical signal quantities with the onset and the development of 
cavitation in emergency cooling pumps. High disturbing noise level 
and the special conditions of nuclear reactors are operating con· 
ditions for the measu~ement system to be applied. 
I ' 
.... ..; 
2. Particular Objectives 
Theoretical work will be done to analyse the phenomena of sound 
generation from cavitation zones in pumps. Sound transducers already 
used in cavitation tests will be optimised with regard to the diffe-
rent measurement applications of the reserarch project. Computing 
routines for the statistical analysis are adjusted to the 1 characte-
ristic features of cavitation signals. Experimental work leads to 
measuring devices appropriate to detect ca¥itation sound signals 
from emergency cooling pumps. Cavitation tes-ts in experimental pump 
facilities yield records suitable to select and determine ch·arac-
teristics quantities of cavitation signals.Experiments lvith original-
sized emergency cooling pu."ltps \iOrking in different operation modes 
are projected to test and to develope the methods of signal detection 
and evaluation. 
3. Research Program 
There are five main research activities: 
3.' 1 ~1easurements of cavitation sound signals from original-size'd 
pUmps (especially emergency cooling p~ps) 




-- -··--·---·-··-·-·""-· ------------T-.:: /I>Sb . 
1.11. - 31.12.77 - 2- RS 284 
3. 3 Development of sound detector systems 
3. 4. Development of signa~ evaluation methods 
3. 5 Work on basic p~oblems of cavitation sound phenomena 
4. Experimental Facilities, Computer Codes 
Cavitation measurements are carried out in experimental facilities 
at the Inititut ftir Kerntechnik fiKT), TU Berlin, and - to investi-
gate large pumps and original-sized emergency cooling pumps ... in 
test facilities of industry. The cavitation test equi~ment at IKT 
include a radial pump. The speed of the pump can be varyied. The 
fluid is destilled water. By means of a con~rollable heater and a coo-
ler nearly ~tationary working conditions at different temperature 
levels can be maintained. 
s. Progress to Date 
Discussions with industry were carried out to prepare pump invest-
gations in cavitation test facilities. Impact sound transducers 
were consttucted, builded up and tested. 
6. Results 
Test· of various types of sound transducers also under conditions 
of primary circulating pumps show~d that sane types are especially 
qualified to separate cavitation sound signals =rorn the disturbing 
J noise level and to reduce the electronic equipment.} 
7. Next Steps 
The experimental work will be continued with cavitation sound 
measurements from emergency cooling pumps under simulated accident 
conditions. 
8. Relations with Other Proj~cts 
Cooperations exi.st with project .RS 259 ·"NaK-Testloop" and project 
RS 297 "Sound Signals from Centrifur.al Pumps Working in Different 
Flm'w'-Regimes". 
·g. References 
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TITLB 1· {original languat;&) Classification 
Compo;r-tamento vibrazionale di co~ponent f-
.· .1'0.4 del nocciolo 
TITLE 2 .(enclish) Country: J:'rALY 
Vibration Behaviou~ of ··_cor·e ·oo~ponents Sponsor: CNR'..,. CNmi 
. . . . . 
. . 
' 
•.,. . . . .. Ort~anisa ti'on: University . . . . .. 
. . of Pis a 
Date initiated 1973 l>ro~ cc t Leader .. 
. I 
1976 .. . ~ . -Date completed -
.. 
Mwlfredi ' ·. . .. E. 
Last updating June '1976 
I . . . . . . . 
Des·cription : 
,. 
Re search 'pro6:£am · ·: · 
Ta··study, either by e·xperinients and through a the~retical approach, 
.the vibration-behaviour of core components when sUbjected to .fluid 
. , .. . ' 
·. . 
flow. The fuel element _vibration behaviour has be~~ the first 
.. 
objective··. o:t: 'this ·J:'es~arch. . .. ' . 
. •: 
Facilities· : 
· - Water test ioop :wh~ch is able :t!~ ca:rry out exp·eriment with test 
· sections up to 3 meters lenght and 200 mm outer diameter with 
. flow .'"J:'~~oci ties up to 1 o' m/sec 
. . . \. 
- vibration transducers and flow measurement instruments. 
. . 
. -.· sigJ.'lal_ processing inst::r:"U.mentatl.on. 
- -computers IBll~ 370 of ONUCE end IBM 1130 for the an~lysis of test 
date. end for the developl!lent. of theoretical ·studies~ · ·. · 
. . 
Reference documents : 
1 ~. C. Carmignani, E. I&in:fredi, S~ Reale · " 
., . 
Influence of assembly configurations on the ~low.indttced 
vibrations ·of a BWR fu$1 element. 
' • j • 
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I :rme 1 (Original language) . · 
Cornportamento vibrazionale dells. colonna. d~ 
combustibile Cirene - Fretting corrosion. 
-
Title 2 (English) 
.· 
Dynamics of fuel strings in axial flow - Frett-
ing corrosion. 
(HWR- Calandria tubes) 
Date initiated 1974 j. 
Date com2leted In progress · .. 
Last uEdating March 1977 
... 



















Optimization of fuel bundles for HWRs in order to minimize fretting corrosion : 
damages. . ; : 
I 
2. Particular objectives 
Reduction of the vibrational amplitude of fuel strings W1der coolant flow. 
I . 
~· Experimental facilities ari.d :erogramu1e ) 
I . 
The experimental facility consi~t.s of a full scale adiabatic loop. The experi· 
mental programme consists in the analysis of the vibrational b.ahaviour of 
fuel strings and of the fretting corrosion marks both on the bundles and on 
. th~ pressure tu~s. The experimental results will be useful also to qualify~. 
mathematical models develor-d in order to simulate the fuel strings behaviour. 
4. Project status 
A few preliminary results show a good vibrational behaviour of the fuel string 
. and few minor fretting-corrosion marks. The above. mentioned e~couraging. 
goal is expecially due to the improvements obtained in the assem'"bling of the 
fuel bundles. . · ·. . ·. · . · 
5. · Next steps 
One more test in the adiabatic loop 'will be carried out. 
In pile experiments are planned. 
6. Relation to other projects 
• I • 
Optimization of mechanical design of 'fuel bW1dles for HWR. 
7. Reference documents· 
- G. Lelli ''Computer modelling.of the dynamics of a string of fuel bundles 
:in axial flow. Part. B: response to a generalized forcing fW1ction and· · 








' .  . 
. l 
t I 
. ·! ' l 
' I 
i Title 1 (Original language) 




-G. Lelli "A comparison o.l experimental data, on the natural frequencies and mo· 
de shapes for Split-Spaccr and LS:-3 bundles, with the calculated data from an 
.· l• 









·analytical model".- Jan. 1975. Internal. report. · .. . • . 
. . ' 
- J. Fedoruk, G. Lelli "A cqmparisonof Experimental Mobility data for Split Spacer 
·.and LS-3 Fuel bundles with calculated values from an analytical model". 
. Augirst 1975. Internal report • 
.'>·· · •· ·_:_.·z. Arcangeli, 'G. Colombo, G. ;Lelli, M. Vignolini "Misure comparate di de!o~ 
0. 
·:·.~ .. 
·. fmazione a parallelogramma di fasci di combustibile Cirene'.'. Aprile 1976. .-
.Internal report. . · · 
' . ·'1 
-, Z. Arcangeli, G. Lelli "Studio del regime vibrazionale dclla colonna di combu·· 
stibile Cirene. Frequenze proprie. Effetto della rigidezza" • Giugno 1976. 
Internal report • 
.. G. Lelli, M.. Vignolini "Veri.fica di un valore massimo della spinta esercitata 
dalla molla di compressione della colonna di combustibile Cirene. Consid~ra­
zioni relative alla fretting corro'sion ed allo stato di sollecitazione delle pia· 
· stre di estremita dei fasci". Fe·'bbraio 1977. Tnternal report. 
~ 
. ·8 - · Degree. of availability I .. 
·.- . 
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Ruisanalyse van de reactor en het 
primaire circuit 
TITLe (ENGLISH L~NGUAGE): 
Reactor and primary circuit noise analysis 
INITIATED : LAST UPDATING : J 978 
STATUS : COMPLETED 
General aim 
On load surveillance of vital systems. 
Particular objectives 
Dynamic behaviour of a BWR. 
Experimental facilities 
Dodewaard nuclear power plant. 
Project status 
Still in progress. 
Next steps 
Not applicable. 
Relation to other projects 
: J977 
CI.ASSIFICATION: 10.4 








J. v. d. Vee:t" 
E. Ti.irkcan. 
Same investigation at Borssele nuclear power plant by E. Turkcan. 
Reference documents 
None. 
Degree of availabilit~ 
Through the organizations KEMA and ECN. 
AS THIS PROJECT IS TER}1INATED, NO FORMAT WILL BE 
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TiTLE (ENGLISH LANGUAGE): 
' 
I Noise analysis in power reactors for malfunction dct<>ction 
. 
: 
INITIATED 1974 LAST UPDATING. June 1978 . . . . 
STATUS :in progrj!ss· COMPLETED . 1981 . 
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--~ ... ·---.. -· . .. 
•.. 
i 
. / ' CLA~~lriCATION: H. I 0. '• 

















11. MATERIALS AND MECHANICAL PROBL~MS IN 





[ Classification 11.1 
I Title 1 Country : Belgium 
I 
' Fuel Element Behaviour under 
Irradiation Sponsor : BEI..G ONUCLEA I RE 
I Title 2 
j Organisation : 
BEI..GONUCLEAIRE - CEN/SCK 
Initiated : 1972 Completed : - Project leader : 
Mr. H. Bairiot l Status . in progress 
! 
. Last updating : June 1978 
1. General Aim 
Assessment of fuel element behaviour under irradiation (including mixed oxide). 
2. Particular Objectives 
l J (a) Fuel densification study and evaluation of the qualitative and quantitative 
effects (e. g. neutronic point-of-view, physical mechanisms, 'attempt to dedu-
ce empirical correlations for predetermination calculations) ; 
(b) Fuel behaviour under accidental conditions ; 
(c) Power ramp ~apabilities ; 
' (d) Surveillance of statistical behaviour of Pu fuel in BWR and PWR power plants. 
' 3. Experimental Facili ti'es and Programme 
- In-pile (BR-2 reactor) and out-of-pile tests for fuels and fuel elements. 
Neutron radiography. Post-irradiation examination. Pool side inspection. 
- VENUS critical facility for study of local power peaking effects with 
simulated axial gaps. 
- Fuel assemblies- irradiated in B~-3, SENA, DODEWAARD, GARIGLIANO, etc 
4. Project Status 
•. ~· . 
I 
~~~ Progress to date : VENUS tests, irradiations in BR-2, BR-3 and SENA. Routine 
operation of code~ COMETiiE (s.teady state) for fuel behaviour, 
SPARTAN and THEATRE 3 for transient evaluation of fissile 
material inhomogeneity. 
Essential results : Power peaking effects, fuel-clad interaction, fission 
products. 
5. Next Steps 
COMETiiE was selected as ','the best code11 in a comparative 
evaluation performed by EPRI (March 1977). 
- COMETHE transient under development. 
- Experimental data base continubusly expanded. 
6. Relation with other Projects 
Some actions in the frame of the "Pu recycle programme" sponsored by the ECC. 
7. Reference Documents 
8. Degree of Availability : proprietary 
- Disclosure on a bilateral basis to be agreed. 






-t:erichts?i)l\1 aum/Period Klassifikation/Ciassificalion Kennzeichen/Project Number 
.J. . _i_ _...::..,.ll 12 . 1 g 'L 1 11.1 PNS 4235.3 
'(' '\ 
( I 
Voc twben/PrOJCCt Title Land/Country 
Untersuchungen zum Einfluss des Oxidbrennstoffes und FRG 
von Spaltprodukten auf die mechanischen Eigenschaften Fordernde Institution/Sponsor 
von Zry-Hi.illrohren bei Storfalltransienten BMFT 
Investigations of the Influence of Oxide Fuel and Fis- Auftragnehmer/Contractor Kernforschungszentrum sion Products on the Mechanical Properties of Zry- Karlsruhe (KfK) cladding Tubes under Tra~sient Conditions 
: Projekt Nukleare Sicher-
heit IMF I 
Arbeitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
En de 1974 Jqsn/81 Dr. P. Hofmann 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds · 
Continuing December 1977 
1. General Aim 
Evaluation of the extent of inner corrosion and of the influence of chemical 
interactions between oxide fuel and fission products, respectively, on the 
one hand, and the Zry cladding material, on the other hand, on the mechanical 
'properties of Zry cladding tubes at high temperatures. 
2. Particular Objectiv~s 
3. 
3. 1 
- Investigation of the influence exerted by the oxygen potential .of the uo2 
on the deformation and rupture behavior of Zry-4 tubing in loss-of-coolant 
·.acCidents. 
- Stress corrosion cracking behavior of Zry cladding tubes with respect to 
volatile fission products (Cs, I, Te, Cd). 
- uo2/Zry reaction experiments under Power Cooling Mismatch (PCN) conditions; 
determination of the reaction kinetics between uo2 and Zry. 
R~search Program 
Isothermal, isobaric as well as temperature and presspre transient experi-
~-
ments 'on short uo2 or Argon containing Zry-claddings tube specimens under 
inert gas conditions. 
3.2 Creep rupture as· well as temperature and pressure transient tests 
under inert gas on short Zry tubular specimens containing little amounts of 
iodine or other volatile fission products. Influence of uo2 and thin oxide 
layers ~n the stress corrosion behavior of as-received Zry cladding tubes. 
Examination of the internal tube surfaces of iodine containing burst 
specimens, using a scanning electron microscope (SEM). 
3.3 Isothermal annealing tests performed under inert gas conditions on short Zry-
tube specimens filled with uo2 pellets at temperatures up to 1500°C and 
uo2/Zry contact pressures up to SO bar. X-ray and electron microprobe in-
() 
() 
I . 1. - 31. 12. 1977 
-. 2 - PNS 4235.3 
vestiga·tions of the reaction products formed during the chemical interac-
' 
tions between U02 and Zry. 
4. Experimental Facilities 
ad' 3.1 The burst tests are performed in the new tube bursting apparat~s TUBA. In 
addition to the temperature of the cladding_ tube and the inner gas'.pressure 
in the tube specimen, the cladding tube diametral expansion is. de'termined 
continuously using a light optica,l method (high-speed camera). 
·-ad 3. 2 Tests on stress corrosio"n cracking (SCC) are mB:inly carried out in the SCC 




The uo2/zry reaction experiments are performed in a high-pressure gas auto-
clave system under inert gas conditions. 
Progress to Date 
'f potential of ox1de 
- Investigations of the influence exerted by the oxygen 
' fuel on the deformation and rupture behavior of short Zry-4 .cladding tubes. 
Performance of temperature and pressure transient and isothermal, isobaric 
' 
experiments with as-received Zry cladding tubes in order to study the 
stress corrosion cracking behavior with respect to elemental iodine. 
- Preliminary investigations into the influence exerted by the U02 oxygen po-
tential and by thin oxide layers presenton the cladding tube inner surface 
on the SCC·behavior of Zry-4 with respect to iodine. · 
- Performance of uo2/Zry reaction experiments under PCM conditions. Determi-
nation of the uo2/Zry_reaction kinetics. Influe~ce of simulated fissiqn 
_products and thin Zro2 layers on ·the internal cladding tube surface on the 
uo2/Zry chemical interactions and on reaction kinetics. Experiments for 
determination of the initial uo2/Zry phase boundary after reaction 
annealings. 
- Investigations of uo2 and Zry based on analytical chemistry. Quantitative 
determination of oxygen distribution.across the Zry-4 cladding tube section. 
Results. 
' 
- Under LOCA typical test conditions the uo2 oxygen potential exerts practi-
cally no influence on the burst temperature and the burst pressure; there 
exists only a small influence on the deformation behavior and bur~t strain 
of the Zry-4 cladding tub~s. The circumferential burst strains of the Zry-
tubes vary between 20 and 130%. In accordance with the literature, a 
minimum in the burst strain exists at about 930°C. 
• I 
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The first burst experiments with Zry tube specimens containing iodine under 
temperature and pressure transient ·test conditions clearly show that the 
cladding material can fail as a result of stress corrosion cracking. At burst 
temperature S850°C the maximum circumferential strains and rupture stress of 
iodine containing specimens are distinctly smaller than. that of Ar-reference 
specimens. Above 850°C the. influence exerted by iodine on the de{ormation · 
behavior of Zry-4 decreases markedly. 
The creep rupture tests on the stress corrosion cracking behavior of .zry 
cladding tubes with respect to iodine show that for all temperatures tested 
(700 - -1000°C) and endurance times (<10 min) the time until burst is markedly 
shorter for ~pecimens containing iodine as compared with specimens containing 
no iodine. However, with the endurance times getting longer (>10 min) and 
inner pressures and cladding tube tangential stresses, respectively, de-
creasing accordingly, the influence of iodine on the time until rupture be-
comes clearly smaller. As to burst strains, the results already obtained from 
transient experiments are confirmed; below 900°C the burst strains of tubular 
specimens containing.iodine are markedly low~r than that of comparison speci-
mens .without iodine. 
- First experime~ts with Zry-4 tubular specimens either subjected to prelimi-
nary inner oxidation (S25 ~m) or filled with uo2+x powder show, especially 
at temperatures ~900°C, a distingtly higher strength due to the uptake of 
oxygen, as compared with reference specimens. This means that, compared 
with the tubular specimens only filled with argon and not subjected to. pre-
liminary oxydation, the endurance times of the said tubular specimens are 
substantially longer. However, in the presence of iodine, the influence 
' 
exerted by oxygen strongly decreases, i.e. the endurance time,of cladding 
tubes are again greatly reduced by stress corrosion cracking. 
- The examination of the fracture surfaces- by scanning electron microscopy show 
that the fracture has nucleated at the surface exposed to the corrosive en-
vironment. The_re are two well defined types of fracture features, namely 
I ' 
intergranular cracking, and ductile shear. As cracks propagate through the 
tube wall the principle mode.of failure changes from intergranular cleavage 
to ductile dimpling. This change of fracture mode occures because the thick-
ness of the remaining tube wall decreases but still has to be sustain the 
load. In the absence of iodine the fractography of tubes showes ari entirely 
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Ill 
.- The UO/Zry-reaction experiments performed under PCH-conditions shot.r that 
under good uo2/Zry-contact conditions uo2 is reduced above 900°C by-Zry. 
X-ray diffractometer studies of the uo2/Zry interaction zones yield the 
formation of a-Zr(O), a-uranium, and a (U ,Zr) alloy, part of which still . 
containing some uo2 finally dispersed. The oxygen con~_ent in the differe~t 
phases was evaluated quantitatively by means o~_Auger-Electron~Spectro­
scopy (AES) and electron microprobe analysis. 
- Obviously, simulated fission products (Cs, I, Te) do not exert an in-
fluence on the chemical interactions between uo2 and Zry. Part of the· Te 
is detected together with Cs at the teaction front in Zry. Thin Zro2 layers 
on the inner surface of the cladding tube are able to prevent uo2/Zry re-
actions up to 1000°C. 
In the uo2/Zry ch~mical interactions under P~l conditions the individual 
reaction zones grow between 1000 and 1400°C. according to a parabolic time 
law. Oxygen diffusion into Zry is the rate determining step of the uo2/Zry-
reaction. 
-·Experimentswith tungsten markers (sheets, wires) provided between uo2 and 
Zry for the determination of the initial uo2/Zry phase boundary afterre-
action annealings have shown that the a-Zr(O) phase adjacent to uo2 pene-
. trates into uo2 as a restult of Zry reacting with uo2• The initial uo2-
Zry phase boundary lies within the range of the (U,Zr) alloy 'following 
the a-Zr(O) phase. 
Investigations based on analytical che~istry (AES) of the inner cladding 
surface of uo2 containing Zry tube specimens show that much oxygen is 
absorbed by the cladding tube surface (up to about 25 wt.%). Besides on· 
the 0/U ratio, the temperature, ~nd the time until burst, the maximum 
oxygen content depends heavily on the fuel surface~ 
. 
7. Next Steps 
Continuance of isothermal and transient tests on stress corrosion craeking 
of Zry cladding tubes due to iodine and other volatile fission pro~ucts. 
Determination of the-critical iodine concentrations. Influence of thin 
. I 
oxide_ layers on the inner cladding tube surface on the critical iodine 
concentration. 
- Stress corrosion cracking experiments on pre-cracked Zry cladding tubes 
(sharp edges, crack due to fatigue). Examinations of tubular specimens by 
I 
the scanning electron microscope prior to and after the tests relative 
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SE:H investigations of ruptured Zry-4 tube specimens; determination of 
the mechanisms leading to cladding tube failure. 
- Post-irradiation examination of irradiated fuel rods belonging to PNS 
task 4237. 
-·uoiZry reaction experiments under PCM conditions. Influence of simu-
. 'lated fissiqn products on the uo2/Zry-reaction kinetics. 
- In~estigations of uo2 and·Zry based on analytical chemistry. 
8. Relation with Oth~r Projects 




/1/ PNS 2.Semi-annual .Report 1976, KFK 2435 (1977), P• 306 
/2/ PNS l.Semi-annual Report 1977, KFK 2500 (1978) 
/3/ P.Hofmann, C.Politis 
Investi~~tions of the influence of oxide fuel and fission products on 
the mechanical properties of Zry-4 cladding tubes ·under transient 
conditions. 
Thermal Reactor Safety Meeting of the ANS, August 1977. 
/4/ P.Hofmann 
Uber die mechanische Beanspruchung von Zr, Zry und anderen Werkstof-
fen durch die Bildung von Oxidschichten (literature review) 
KFK Ext. 6/77-2 (1971). 
Degree of Availability 






DC<IChtszc,traum/Pcriod Klassifikation/Classification Kennzeichim/Project Number · 
01.01.-31.12'.1977 11__..1 _pNs 4235 4 
Vorhaben/Projoct Title landlCoui'ltry 
.. 
-·- FRG 
-. Derstversuche an Zircaloy-Hullrohren unter Fordernde Institution/Sponsor kombinierter mechanisch-chemischer Bean- BM~T 
spr·uchung Auftragnehmcr/Con~ractor 
' Kernforschungszentrum. Burst-tests of .Zircaloy Cladding Tubes under Karlsruhe (KfK), !vtechanical and Chemical Load Frojekt Nukleare Sicher-. 
heit (PNS) 
IMF 
Arbeitsbeginnllnrtiated · Arbeitsende/Completed Leiter des Vorhabens/Proiect Leader 
1980 S.Leistikow/L. Schmidt 1977 . Dr. 
Stand der ~rbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei!Funds 
continuing December 1977 






Cladding Materi~l Behaviour under Accident Conditions • 
Particular Objectives 
Investigation of the High Temperat~re Properties of Zircaloy 4. 
under combined mechanical and chemical load (inner pressure, oxide fuel, 
fission products, steam) 
Research Program : . 
Burst-tests of in'directly heated Zircaloy Tubes under different 
accident conditipns. 
Experimental Facilities 
Facility· for Burst Testing under Fuel Interaction, Steam Oxidation,_ 
and LOCA Conditions (FABIOLA). 
Progress to-Date 
Besides single effect experiments burs~ ~est are going to be prepa-
red for a more realistic description of Zircaloy cladding behaviour 
' . ' 
under LOCA-typical temperature- and pressure-tran~ient conditions 
and fuel and coolant interaction. An experimental test facility is 
designed in which pressurized fuel rod simulators will be Slectri-
cally indirectly heated in steam. The main material properties to 
be measured as function of temperature and time will be the maximum. 
circumferential elon~ation, the time~to-rupture, and the extent of 
exte~nal and internal oxidation. At present the concept for its lay-
out is completed and the main components are ordered • 
•• • 
, .. 
-. •' . 
01.01.-31~12.1977 
- 2 - PNS 4235.4 
6. Results 
Pretests for the measurement of the Zircaloy cla9ding tube sur-
face ~emperature using special pyrometers, were performed in the 
temperature range between 500 and 800°C. These pretests proved that 
under the given conditions the accuracy of the pyrometers is 
equal to those of. thermocouples in case that ari ·.uniform stable 
surface ox,tde layer was preformed in steam. Thus, as an important .. 
item of testing procedure, the measured maximum circum~ferential 
elongation and time-to-rupture can be correlated to the effective 
and continiously; recorded temperature and pressure transients. 
Equally, the results.of post-test evaluation on. external and in-
() ternal oxidation will be related to the chosen operating condi~ 
tions. 
0 
7. Next s.teps 
Supply of alt necessary components and start of facility con-
struction. _Pretest~ of prototype heaters. Specification and 
order of an x-ray cinematographic device for continio.us measure-
ment tube expansion'. 
·.8. Relations to ot}fer programs .. 
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E1Pncl1tszcitr Jum/Penod Klassifikation/Ciassificatlon Kennzeich)?£Project Number ~ 
_:l ..., .7? - 'i1 12 . ?? 11.1 RS 20 
Vorhal>cn/Project Title Land/Country 
Iu~A/KWU-Leistungsrampen FRG 
Testbrennstabbestrahlungen 1_976/1977 Fordernde Institution/Sponsor 
BMFT 
Auftragnehmer/Contractor 
KRAFTWERK UNION AG 
KFA/K~m-Ptwer Ramps Reaktortechnik 
Fuel Rod rradiation Tests 1976/1977 
RB 31, Erlangen 
Arbeitsbeginn/lni"tiated Arbeltsende/Completed Leiter . des Vorhabens/Project Leader 
1. 4. 76 31. 12. 80 H. _;Knaab 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/FUIJdS 
--Continuing 31. 12. 77 1'554.000,-- -DI1 -" 
1. General Aim 
Power ramp experiments in HFR Petten are ·being carried out 
with PWR ~d BWR st·andard fuel rods of different production 
parame~ers, in order to investigate the reason for fuel rod 
defects, especially the fuel-clad interaction. 
2. Particular Objectives 
' The mechanism·causing fuel ro4 defects by alternating 
power. and positive power ramps is not yet well known. In 
practice, fuel rod defects have been discovered after·local 
power increases in power reactors and in power ramp tests 
in Halden, Studsvik and Risp. 
In order to study this problem, the irradiation and load 
change behaviour of PWR and BWR fuel rods with Qxide.fue~ 
(uo2) is being investigated in HFR Petten. The fuel rods, 
assembled to segmented rods, have been or are s~ill being 
preirr~diated in the Obrigheim and \lurgassen power 
stations up to 5000 - 24000 MWd/t(U) burn-up. 
Research Program 
Unloading from reactor and sectioning of segmented PWR 
and BWR fuel rods, intermediate inspection of'the fuel , . 
rod segments/test fuel rods. 
3.2 Neutronradiographic investigations on the test fuel rods .• 
() 
. -
1 • 4 • 77. - '1 • 12. ?? -2-
3.·3' Installation of the test fuel rods into the irradiation 
capsules and performance of power ramp experiments' in HFR 
Pet ten. 
3.4 Post-irradiation examination of the test fuel rods. 
3-5 Intermediate evaluation of the power ramp experiments and 




The test fuel rods have been or are still being 
preirradiated in the Obrigheim and Wurgassen power· 
stations for 1-3 reactor cycles. After preirra~iation the 
test fuel rods are in·serted into test capsules and are ramped 
under representative LWR conditions in the pool-siP.e-facili-
ty of HFR Petten. The fuel rods are r~ped to .line~r ~eat . 
generation rat~s of q' ~ 650 W/cm with ramp rates of 
q' ~ 100 W/cm· min and heat rate increases. o:f .dq' ~ 350 W/cm. 
It is planned to equip the test capsules with inductive 
elongation detectors in order to measure changes of the 
fuel rod lengt~ duringramping. The tests are performed 
as a joint project of KFA Jlilich and Kraftwerk Union.· 




Progress to Date 
uo2 of. different structures, 
density, pellet geometry 
production parameters (e.g •. 
graphite on inner surfaces) 
pressurization, burn-up 
. Altogether, 33 in-situ and start-up ramp experiments with 
PWR fuel rods have been carried out in.HFR Petten until 
the end of 1977. The fuel rods had been preirradiated 
in the Obrigheim nuclear power station at approx .• 210 W/cm 
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6. 
12000 MWd/t(U) - one reactor cycle - and 
22000 MWd/t(U) - t'w reactor cycles - respectively. 
With the in-situ ramp experiments, the LHGR of the fuel 
rods have'been. increased to maximum power levels of 
420 W/cm to 650 W/cm with a ramp rate of approx. 
100 W/cm min after a preconditioning irradiation of 400 h 
at about 300 W/cm. With the start-up e~eriments the .fuel 
rods have been ;ramped to a maximum power level of approx. 
540 W/cm with ramp r~tes of 0,25 'vl/cm min to 100 W/cm min 
without any preconditioning. 
Results 
': I 
The first results of the in-situ ramp experiments indicate 
a high failure probability of one-cycle fuel rods at ramp 
LHGRs in the ~ange of 580 W/cm. However the failure 
probability decre~ses both at higher and lower ramp 
powers. At ramp LHGRs falling below 4?0 W/cm, no-defective. 
one-cyc~e rods have been observed. Start-up experiments 
have shown, that ramp rates of 10 W/cm min and above 
do not seem to influence considerably the defect behaviour 
of one-cycle rods. Ramp rates falling below 5 W/cm min did 
. not cause any fuel rod failures. 
In-si tu ramp experiments with two-cycle fuel rods h.ave 
indicated an upper limit for defect free operation at 
unrestricted reactor operation in the range of 420 W/cm. 
Above this boundary, a high failure probability has. 
existed. and the time to defection has become increasingl: 
shorter with increasing LHGR levels. 
First nondestructive testing has been. performed in the 
Petten reactor pool and in the hot cells and have re·sul ted 
I • 
in· the following preliminary observations~ · ·· · ·-
a) The defects are located mainly at pellet interfaces 
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b) Most of the-defect rods showed several defect 
positions; the defects appeared pin-hole like; 
c) Not all defect positions detected by eddy-current 
testing could be found vi~ually; 
d) Not all defect rods showed intrusion of water by 
neutronradiography; 
e) Fission product peaking was detected at pellet 
interfaces and ~t pellet cracks; 
I 
f) Slight ridges were found along the high power section 
of the fuel rods, but the correlation of ridge height 
and local LHGR is not very conclusive. Also non-
defeotive rods showed ridges. 
g) Neutronradiography revealed a change, of· the· crack 
pattern to many mid-pellet thr6ugh-cracks, and a 
fast partial closing of the dishes. 
? • Next Steps· 
Continuation of the ramp program 
- to determine. the LHGR limit for defect free operation 
of LWR fuel rods (improved and modified PWR fuel rods, 
standard BWR fuel rods) at unrestricted reactor 
operation by in~situ ramp experiments 
to determine the conditions for defect free operation 
at LHGRs above that limit and eventually restricted . 
reactor operation by modified' in-situ ramp experiments 
(reduced ramp rate at LHGRs exceeding 470 W/cm 
- ·one c.ycle fuel rods - and 420 W/cm - two cycle fuel 
rods - respectively) 
8. Relation with Othe+ Projects 
9. References 
R. H~lzer, D. Knodler, H. Stehle 
"Pellet Clad Interaction: Experience, Testing 
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Water Reactor Fuel Performance, May 9-11,. 197?, 
St. Charles, Illinois 







Ramp Testing of uo2-Zr Fuel 
Title 2 
Ramp Testing of U02-zr Fuel 
Initiated: 1972 
Status: Progressing 









Pro,jec t Le~d('r: 
P. Knudsen 
Scientists: 
To examine the performance of uo2-zr fuel pins during overpower r:1rr.p::. 
2. Particular Objectives 
To submit BWR.- and PWR-type uo2-Zr fuel pins of medi urn-to-high bu t·nu p 
to power increases mainly simulating nominally normal operating condition:: 
in power reactor~. 
3· Experimental Facilities and Programme 
DR 3 Reactor at Ris0 with associated loops. 
4. Project Status 
' 4.1. Progress.to date: BWR- and PWR-type fuel pins have been tested, 
with burnups up to 35,000 MWD/t U02 • 
4.2. Fuel pin failures indicate the existence of limiting.comb~nations 
of design and,operating conditions. 
5· Next Steps 
Continue tests to support and extend present experience. 
6. Relation with Other Projects 
Results will be used for verification of fuel model calculations. 
7. Reference Documents 
' 







(a) P. Knudsen, H.H.Hagen, J. Stj,ff, Atomwirtschaft .2. (~974) 135->i36. ! 
(b) P. Knudsen, K. Bryndum, Trans. ANS Winter Meeting 1974, P• 14o.·-~ 
" 
8. Degree of Availability . 
~·~ 
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Clasaiticationa 11.1 
1--. ---·-··-- .. ----------------·------------------.--------· --·-------- --- ......... ---·--·-·. 
! I 
! COUNTRY: Denmark 
I Title 1 , ___________________ _ 
Fuel Modelling I . I SPONSOR: RiS0 National Lab. 
0 1-·-
1 ORGANIZATION:RiS0 National 
I JA'tora.tocy . , Project Leader: 
I 
Title 2 
Fuel Modelling N. Kjer-Pedersen 
---------------+---·--·-----·----- --··-·----
Initiated: 1972 Completed: Scientists: 
Status: Progressing Last Updating: 
1. General Aim 
To develop and maintain an up-to-date computer model of fuel pin per~ 
formance under nominally normal operating conditions. 
2. Particular Objectives 
The code considers one pellet-size segment of a fuel rod. A finite 
difference model of the pellet is coupled with a thin shell model of 
the cladding. Pellet cracking is directly accounted for, based on· cer-
tain assumptions relating to crack patterns. Second~ry and primary creep 
of fuel and clad are represented. The mbdel aims at an analysis of local 
stresses and strains· in the cladding, includi-ng ridge formation, as 
. 
well as fission gas release, to form a basis for a fail~e probability 
estimation. 
3. Experimental Facilities and Programme 
Danish ramp testing programme. 
4. Project Status 
4.1. Progress to date: The second version of the modal is in full ·pro-
duction. 
4.2. Essential results: Proven capability of predicting measured ridge-
heights within a ·factor of two (ref. 2) •· 
5. Next Steps 











6. Relation with Other Projects 
i 1 
Utilizes data from Danish ove~er test programme for verification. 
7. Reference Documents 
1. N. Kjmr-Pedersen, "A New Version of the LWR Fuel Performance 
Model WAFER", 4'th Interna~ional Conference on Structural Mechanics 
in Reactor Technology, San Francisco, U.S.A., 15-19 Au9ust 1977, 
Paper No. D 1/3. 
2. N. Kjmr-Pedersen, " WAFER-2. A Code for Thermal and Mechanical 
LWR Fuel Performance Modellinq", IAEA Specialis.ts Meeting on 
I -
Fuel Element Performance Computer ModellJ.nq, Blackpool; ·UJ.C,-
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de codes de calcul de stirece 





les elements ~CE pour 




Titre ( e~::glais) Orgci s:a.e e.:ce..:u~e~ I D~velopment of s'afeey· codes for pressurized water reac:-tor fuel CEA/DMECN/D'Iach 
elements under normal operation at1.d accidental trat1.sient SA CLAY 
ccndi tions. Res-pcn:.sa."cle, 
~ ,;#'·'· 
D'Iecb. - Sac lay 
a.te C.e - Eta.t a.ct-...el Scient itiq,tO.es I 
dear:-~~ 1/1/77 en cours . 
-
Date ~rivue Der:Uere mise 
-d' a.c~~·te::ter.-: 31/12/SO a jour 12/77 (mise a jour n•l) 
- Objeccif general 
Dispose!', a terme, --de cod~s de calcul pour les llblents eombustibles des t'eacteurs 
a eau ordinaiee sous pression rendant compte d~ laur comportement mecanique et ther-




~ - Objecti!s particuliers 
~ - Juger de l'importance relative des differents phenomiues mis en jeu, et recher-
cher les modiles les plus aptes i les representer. S'ils font defaut, les etablir 
i partir de l'experience acquise par le CtA. · 
2 - 'Ie_nir a jour et perfectionner le code de foncdonnement normal (RES'l'A) en vue d.a_ 
decrire les itats de· reference et de preciser les limitas de snrete. 
3- Develop2er les codel decrivant l'accident de depressurisation (CUPIDON et 
DE}tE'IER.). . 
4 - Clterieurement, developper un code decrivant t•ae.c:ident d'insercion de 
· ·('l'R.\.'iSIT) • 
reactivica: 
-
. . .. / 
.i 





1 - ~~~~s~~~~~-!-=!-i~~ 
t;n modele de deformation de gaine au cours d'un accident de depressurisaeion 
a ete etabli a partir des risultats du programme EDG~~. 
La code de fonctionnemea.t nor.=al, REStA, est considlrl comme oplra~ioanel, cais 
doit faire l'objet de perfectionnements. 
Un cede relatif a l'accident de depressurisation clans le cas parti.culier du pro~ 
gr~e PHEBUS, CUPIDON, a lti ecrit. Ce code est ~onsidlrl comma op6rationnel, 
mais una deu.~ieme version, plus elaborle, doit lui etre substitule. 
5 - Proc~aines eta~es : 
0 
Modifier le modile de deformation de gaine compte tenu de nouveaux rlsultats 
a.~peri:entaux a.ttendus. 
Perfectionner le modele d.e fluase e~ de relax,tion de la ga~ne clans le code 
RES~.~. 
Etablir la deuxieme·version ~u code CL~tDON. 
Developper le code DEMEIER en utilisant l'acquis du code CUPIDoN, mais en l'eten-, 
dant au cas g§neral portant sur un assemblage no~l irracli6. 
6- R~lation avec d'autre etudes.: 
Ca programme est en relation, cl'une part avec le program=e EDGAR ZY qui Eournit les 
-.dounees a.ecessairas ll'~tabiis.sement d'un modile._de dlformation de la g&ine, et 
~'aur=e part avec le progrz=me PHEBUS. Le code CttPtDON a ltl etabli en premier lieu 
· pour ef!ectuer les calculs priliminaires de ce p.rogramme. Les tlsultats de celui-ci 
seront utilises pour qualifier le c:ocle DEMEtta.. · 
7 - Documents de 'reference : 












l 11' · ... 1 ""0 I /4 J 0.5•20 
i 154-l -01 I 
I ,., . .~~;ltre 
·, 




Periodically tested. standby systems ava:Uabilicy 


















CEA/DSN ~ SETSSR 
.Res"Oom:: a.'blo 
' . 










144-1 -03 14 
154-1 -03 . :t ll.t 
Titr~ ?a;rs 
FRA.'iCE . 
Etude de processus stochastiques 
(processus de Markov uon homogenes) Organis:e directeu: 
CEA/DSN 
Titre (~glills) Orga.nisme execu.teur 
CEA/DSN - SE!SSR 
Study of stochastia processes 
(non homogeneous ~~rkov Processes) Res pons able I 
-
DSN/SE!S Fontenay 
( I De.te C.e Et at e.ctuel Scientitiques 
' C.e::l..u-:-e.ge 
I 




Date ~re•r..te !le:niere mise 













144-1.-04/4112-20 .. 14 
154-1 -04 ' 
·::r:: '11 • 1 
Til;re Pays 
FR.A:.'tCE 
Utilisation des techniques de MONTE CARLO pour les 
c:alculs de fiabil~te. Organis;:,.e dirccteu.r 
CEA/DSN 
Titre ( a.:lgla.is) Org1:1is::1e e..xecutal.!.r 
CEA/DRE - SER.'1A 
The use of MONTE CARLO techniques for reliability I c:.alculations. 5tes-;:ous~ble 
·-
Dllte de Et at a.ctuel Sc:ie!ltl!iques 
' d.eme.rrage 01/01/77 en cours 
... -
De.te :pr~V\:.e Derniere mise 








154-2 -01 . 
Tit:-e 
Pa.rametres humains de la. surete 
Titre (a:!glais) 
Human factors in n,uclear safety 
Da.te de Eta.t a.ctuel 
.!.eme.rrage 1/01/78 en COU't'S 
Date prevue Del"':liero mise 
d'ac!lev~ent 31/12/81 a jo~ 1/78 























~irt· ·3 .. 
. '.110~1 .· 
144-1 
-o9/41o5-2o 14 154-1 -09 :t 1\ • t 
,T,::.tre Pe.ys - -
Construction automatique d'arbres de d'faillances FR:\..-..;C'E 





Titre (o.nglais) Organisme .executeur 
. CISI 
Automatic: construction of fault trees from logic 
diagrams. 
- Responsable 
I DSN/S'E!S. !ontenay 
' 
.te C.e Et at actuel Scientifiques 




, I , Oa!e pre·r..1e Derniere cise 

























IS4-t-07 . 1: 1 l. I 
I 164-.i-02 
Titre ?a",/s 
Mod~lisation d~ taux de defaillance de vannes en FR.Al.~CE 
fonction de differents parametres. 
Orge.nist:e directeu.r 
CEA / DSN 
'l'itre ( a.:1gla.is) Orge.:aisce executeur 
' CEA/DSN - SETSSR 
Modelisation of the failure rate of valves in term• 
of different parameters. . aespocsa'ole 
' 
. 
DSN/SETS- I . Fontenay 




l~:::u~.r:-age 1/12/77 en cours 
Date prevue Derniere mise - . 
d.'achevem.ent 30/6/78 a jour l/78 
-
_________________ ._____._ __ __.;,. _________ -:,.:--
• , ....... 

I /ol 
-a~ . ........_ .• ~ _...........,.,,_ ......... ~ , .. ,....,. ........ ..,. ............ --------------- ............ -. ............. _ ............ ---.-----................ .. 
.0 
: t.. l 












~·itle i .. , 
'OVERPOWER TESTS ,, 
' ' .•· 









Completed sept. 75 








Or."'::;mi 8:1.-'c ion 
er m:; 
Pro ;cct T·P.~.(i.~rs. 
C. Lepscl{y 
... 
P.ucl clacl<lin3 in·~ern.ction and mechanical :>roperties of irr::.U.ia-
·ted claddinG cf.Jiicr l'"l..'.pturc determined by pov"Jar e~:cursion. 
2: Particul~r Objcctivoc 
Invcotit;~"Gc r.10d en of :r·uptu.re and ma.teric.l prope:;. .. tics by ncU"Gr0:>1-
ruclio~raphy dimonsionnl C..i1nlysio etc. o:f irradintcr.l cladding 
sub j ectcc.l to increasing po, .. 1er rru!lpo v.p tc pOV'Jcr bul~nt. . 
Invcotico.te ".;he :influence of eo.p (150, 230, 310 cold Gc.p) • 
3 • ~ ' ~· 1 n '1'~' d' ~ ~ .• _Etcpcru,1cu·G.:::. J:G.Cl 1 ~>lC:J p.-.'1 _p ... o;.;..~. :'J:mlc • 
. .. 
Irradia.tion(H:.lc1on rc:1ctor )m'ld pon.Jii irr::ldio;t:ion· 
CStl Canaccia Center of mmN 
'-~ 4. ProJec-t ::rtatno 
4.1. _Eroc;rcc:n to d~te -
IrraU.ia:~ion completed at Hnlden (IFA ·131) up to 30~000 ::::tn/·~ ~ 
Non des·~:.. ... ..tctive rost-irrc::.din;~ion tcoto of '6 rods prior ~liO 
ovepo·aer test already c.or.lr>letea • 
.Firot ovcrpO\VC'l.o\ to3t Ofi. .. 1. rod. alrcad~' ~);ler:f'orncd.-'inclu.d'in,?;.· ne:::· 
dootructive poot-irradia:~ion 0-"1alynis of the .ocne rodG. 











. . ,, 
. ' 
. · ' .... • . ' ! 
, .. 
s.: uc~:t steps 
·. Ove1·powor tests perforr..anoa will begin. i)l. 
irradiation. up to 30~·ooo triWD/~: 
1975 ·;<?n: 16 rods with 
6: .. Relation:.vtith' otlle~·pr·ojects 
. Noni~ · .>. .;.::. ·!:.:. · .... 
·. 
.. 
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:r:_itle 1 (Original languag~) Clf!:.ssification 
... 
. . . 
Prove di sco~pid su'~uaini 11.1 
.• 




. . . " . . .. 
\ ·'· . : 
f . . . •. . .. 
I · ..'· . 
. 
Cl'lEt: I §ponsor 
~ Qrg_anisation CilE~! 
I ;F'r!&ect Leader 
Da.te comi?leted 1976 L 
-
______________ :_ , . G.P •.. CA~ I I ~ast updating Oece~ber '1976 
Butst tests 
Date imtio.ted 






,f1echani c.a l properties. of. i rrad~ted cl addi nn under rupture· conditions • 
. ': . 
I. I . 
2." Particular objecti~ 
:· 
. . . ... 
. . 
• .. • t',.· . ' 
. . 
:_r1eas~renent 'of 1) Ultir.mte b~r~t. stren!)th 2) Hall thinnin!) at fracture 
3) Total circu~pherential elonaation in irradiated claddina internally 
pressurized up to rupture conditions. · .. . 
' 
: i: .. ·3.· 
_Experir,lental. facil_i_(ies and pro~ra_r.r.1e. ( ' . . ·. . . ... . . 




; .. . 4. Project status 
Burst .tests have·been cor.1p·l~ted \'rfthin the. follm·linn .ran·ge ·of conditions: ...... :. · . 
. ·, 
• I • 
temperature: 280°C and room temperature; burn·-up: 1.500 to 24;000 !1\!0/T'; · 
integrated fast ~eutron dose: '6-t30x1o20. n/cm~;.claddino .dia~t~r-~nd·type 
. . . ' . . • . .· . . . . I r ':.: ' :.·': . q 
5
: ::~:6 ~ :e:~ t. di a. (VD~:);. 14.26 .~ .e~todi a· '(H.oh<eri ~) •. • . . • .• · 
j,· .. ··>·/.: .··:·,. :.~· .. : . .':;'· ··':' ~· .·. tlone · ·. ' . •\ · · .. ··\· . • . >;.: ·. ·: : ·· : •· · · ... . 1 . . ... . . . .. ·. ·~ :· ~- .. . . .. ·. ;; . ·.'' 
f .... : . . . . 6_ •. ~lation \·t_ith other l')roj_e.ct~ .· .. ·.:;~,;=:·:·:f .... . .. 




7 •. nefe~erice docu~ents .· .... 
'" ~ ·'.! . 
i .:. . .... · .;. . . . Internal repor~s · . , ,· . . . ·. :. ...... :·· . 
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TITLE 1 (original ~anaua~e) Classification 
' 
Sviluppo elemen.ti di. combustibile per 
'1'1.1 II'.'/R ._ I 
TITLB 2,(ent;lish) Countr)':. , . . ITALY 
If,'/R fuel c) eve 1 opmen t Sponsox•: . CNEN 
Organisa ti·on: CNEN 
! . 
-
-l>ate initiated 197) Pro~cct Leader· . 
! 
l>atc completed !11 pro~~re~s G • YALLI . 
' 
Last upda.ting Jvl10 19.7(i 
a:im. · ·;1. General 
Development of a streso7 strajn correlation at hich temperature· 
for Zirc:a.llo;/ fuel cladcl.in::;. 
2; E:i~JJer:i.mental f~rcilities n..·•1:d prograXl1l'l1e .. 
Jou:b effec~t heating facility :U1. order to t.est samples with diffe- . 
rent heating rates in a temperature rango of 800+1100 °C. The 
I . ' 
inner pressure ma~~ be· chaneed :i.J1 a X:OaJ?.Ge of 3~20 Ata. The· sample: 
in in an inhert atmosphere. 
J. Projer.t atatus. 
Sevcra~ srunples are being measured to obtain: a s'tro:J:::£-stram cor-
relation~ 
· 4 .. !Text steps o 
a) The na..-ne exper.imm'ltal facility will be modif;i.ed tQ tes·t; itc. 
oteam a·~inoophcrc • 
b) To- stud~; -~he fuel ·behaviour at hi&b. ·t;emper atura, all encporir11en-· 
tn.l facility will be ·ieni£1led .with heaters held inside the 
Zr clad. 
s: Dosree of' ?J.Vailnhilit;r 
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·j 
1 
PROJEC[' TITIJE~----.. .._--. ~-· -·---· ---r~~~;_UQ~_T_I_ON. _______ : ____ ,_ 
l . l Clatidtng l.n :t..O.CA oondltlons I • . .-
. 11.1 i • 
1 ;.--.. _. ______________ ._, ___ ,____ , .._,_ .. ,_~--... -·---·-· ..... -· ---·-.. 11--·-------------... 
• t SPONSORING COUNTRY : I OHGANISATICN' I 
1 f 
;; 0 ~~ ' ----· ·-·-··"-w - .. -l C_N_E_N------~ 
' )' · Q ··. ·1 DATE INITIATED Janua1-y 1 0'15 PROJECT L~ADER • j 
j· l DATE COMPIJ~::~_:_-~ec. 1976J-19 P. Cerrett1 . j 
l ... 
. l. : .. 





'1 0 .. 














1. General alm 
Invcstlgatlng modt!s of rupture a:nd balloonlng of l.r.radlated and non 
lrra<.llated zlrcalloy cladding under slmulat ed LOCA condltlons. 
2. Particular objecUve·S 
Measurement of diameter of ballooned cladd!ng at rupture, tempers.ture, 
Internal pressure and other relevant parameters ln Zr-claddlng, under 
· simulated LOCA condlU:.ons. 
3. E?!J?erl.men~~.l fa.c711tles and program~ 
Facllltles: 
a) Elllptlcal ~rradlat!on oven {Casaccla) 
b) Clad~lng heating by Joule effect (Casaccla) 
c) In-plle loop (ESSOH reactor) (lspra) 
Pr.ogramme 
a) Tests on unlrrad!atcd and irradiated matcrl.:U under Inert atmosphere 
(1975 .. 7G) 
b) Tests on unXrrad!atecrm.ater1al under oxldn.nt atmosphere (1975-76) 
c) In.,.plle tests on stngle rod and small cluster (1979). 
· 4. ?-.!"2jcct status. · . 
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' ; ' . 
:r .·· 
;I: • : 
., . 
-
Title 1 (Opi ginal la.ng~~[i£) · . 
Studio della conduttanza·dell'~ntercape-
dine combustibile/guaina in barre di 
co.mbusti bile BWR 
( . Title 2 (English) 
. 
•' 
Gap conductance in BWR fu~l rod a 
.. 
Date initiated 1968 
in progress. Date completed 
. I 
Last UEdating April 1977 
1. General Ai.m 
Classificatign_ · 














The aim of the experimental prog1•am is to study the effect of 
the different parameters (linear heath rating,_cold gap, power 
cycling, e~c.) on the -gap conductance • 
2:. ·.Experimental :f'a._cilities · 
. . 
T.he irradiation has been performed ut~lizing instrumented rigs . 
capables to measure.direc~ly the. power generated in the fuel as 
well as the fuel and cladding temperatures (1). 
Reactor utilized: Avogadro, Siloe, Essor. 
! . 3. ~!Qject status 
. . 
A first series of irr-adiation concerning the thermal behav;i.our · 
of different fuel types has been completed (2). · 
.(.. Next steps· 
An experimental program is in progres·s.in order to improve the 
knowledge of tne effects of the axial load, .power cycling ~d 
cold gap on the gap oonauctance. l· ..... : 




~ 1 :, . . . . 
1 l ... · . 
l ' :.' · ..
1 
l . i j . ·~ . 
I I. . : .. ,,-.-... 
j o ! 'I • •, 1' ., . . ... .. . . 
1 : . i .: . ~ ... · . . '; : ... ~ . I 
5. Relation.to other projects 
. ~ 
Preliminary studi ea t~ the A~COT p;rogram. 
~ 6. Reference documents 
The most important documents are: 
6. 1. A. Calza-Bini et al. , ''Esperi enze di irraggimnento 
~apsule Cyranum per lo studio del oomportamento 
della. barra combustibile", Rl'/ING(70)15. · 
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.Title 1 {Originallangt~~~ Studio della con Classification 
duttanza dell'in~erc~pedine combustibi-
·le/guaina in barre di,combustibile BWR. 11.1 
8. 
6. 2. · A.· Calza-Bini et al., "In-pile me.asurement of fuel cladding 
.· conductance for pelleted and vipac Zr-2 sheathed fuel.pins~, 
.· Nuclear 'rechnology, Vol. 25, Jan. '75. 
6 .•. 3. A. Calza.:.Bini· et: al.1"Esperienze Gioconda: studio speriment! 
le del comportamento termico di una barra combustibile ad · 
uo2: integrale di conducibilit~ e condut~anza dell'i~terc! peaine tra combustibile e gu.aina'', CNEN. . ·. 
Budget,· personnel involved ,,.· .. 
· The budget for the second part of the program is 200 ML to 
irradiate 8 different tuel pins. This cost does not include 
the neutron$ utilized in ESSOR reactor • 
· The personnel involved is 4 men ·for about 2 years. 
; 
Additional inf_ormation .-
. . The .results on gap conductance are utilized to calculat'e 
·the stored energy in the tuel pin at the beginning of the 
LOCA accident. 
...... ~ .. ,._..., 
',\ 
'. 
... · .. 
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I. 
Title 1 (Original lan~aw~> Classification: · 
' 
l'1iisura in pila dello. velocitu di creep 1 1 • 1 di una GU::ri na di Zirc:;~.lloy ') di tipo C£t< rso ... 
-
' Title 2 (English) Countr_l ITALY 
In-pile creep ra.te measurements of ~ponsor Cl'iEH 




--- ---·------""'"1 -.. 
Date initiated 1977 . I Project Leager 
Date com:Qlcted 1977 . Nobili 
-Last u,edating April 19?7 
-·· -
·, 1. General Aim 
l\~easurement of creep ra·te of a Zr-2 ·cladding under irradiation • 
2. Experimental facilities 
I 
·The c1addine sample will be placed in a CHOUCA Device in Vlhich 
the temperature is constant (.:!;, 1 °0): . the sample elongation i's 
measured continuousj.y ·b~Y means of' a resonant chamber system. 
Th'e irradiation will be performed. at Siloe Reactor • 
3 ProJ'ect status • 
The sample fabrication i.s in progress; the irradiation will 
take place at the beeinning of .. Tuly • 
I 
4. The next step will be to set-up an experimental program i,n order 
to investigate the behaviour of the cladding of a fuel pin under 
irradiation • 
. 5. · Relation to the other projects 
Connection to the program pe1•formed by NUCLITAL, 
.. 6. Reference documents 
•• 
The most important reference documents are: 
6. 1. 1.1. J.1assoU:i P. Mi lli es, R. Wallop "ftTesure en continue de 
deformation pendant 1' irradiat:lon en pile" 1 CEA":"C~rG, 








Title 1 (Original language) Misura in pi la _ Classification 
della v.elocita di creep di una. ,guairia 
di Zircalloy 2 di.tipo Caorso 11.1 
·6.2 R,·warlop 11 Ensemble de mesure de deformation", CEA-CENG/G, 
· · Service des Piles .. NT/P. 293-05-124/70. 
. , 1 
·_.· 6.) A. Calzi-Bini et al. "Misura 'in pila di velocitA di cre~P 
su tubi di guaina in acciaio inox in geometria veloce" ,. 
CNEN/RT/ING(75)16. 





. . . 
·.8. 
·The cost of the expe~iment will be apout 50 ML for 2000h 
of.ir~adiation. · 
· .· The personnel involved -is one man/year. 
. . . 
.. 
Additional information ' 
The results will .. be. utilized to calculate the permanent 
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I i ... 
l( I, 
. \. 
..•.. .... . 
1/1' ~ 
Title 1 (Original langua~) Classification 
Comportamento meccnnico e chimico di 
guaine di Zr ad alta temperatura 11.1 
~ 2 (English) Co~!_ltry ITALY 
High temperature mechanical and chemical ~on...§Q!_ CNEN 
behaviour of cladding tubes. Qrganisation CNEN 
. 
... _ 
. I • 
Date initiated 1975 Project Leader 
Date com12leted in progress 
~ast UJ2dating April 1977 s. OMARINI 
1. General .aim 
Development of stresa strain and 'oxide growth. rate correlations at high 
temperature for Zircaloy fuel cladding. 
I • 
2.. Exp'erimental facilities ::tnd programme 
a) Joule effect heating ;[acUity for testing of Zr cladding tubes with 
different heating rate or temperature transients up to 11 00°C. Inner 
pressure range 20-60a ta. 
b) Radiant heat facility for the high temperature Zr oxidation, studies. 
3~ .Project status 
--
The first tests on CIRENE HWR reactor and on CAORSO LWR geometries 
already tested. Tests completed in 1977. 
4. Next steps 
a) Test of cladding tubes with a variable inner pressure to simulate 







· b) Development of internal heater for fuel rod simulation· and H-Gap 
studies. 
• 't 
~. Reference documents 
Internal reports. 
6. Degree of availabilit:l 
To a limited extent. 





.... ·--~------~-~----------~--~·~·~=·~--,~---··· --~----------------------~--------~; . .. ,...,.. 
rno~n~o~ ~li'ri,E : 
l~l·:t~IAI1XT.~I't'Y 01" Clo~AIJSXCAL NO't' 
' 
S'.t?ONSOiUUG COUUTRY . 
• 












. . \. . 
DATE IHITIATED . 1977 . • 
DATE COMPLETED "': 1980 
... 




1 1 .1 
ORG/JIISATIOli . • 
. 
JRC Ispra 

















Splijtstofverlenging tijdens bedrijf 
TITLE (ENGLISH LANGUAGE): 
Fuel elongation during power rating 
INITIATED : LAST UPDATING : 1978 




CLASSifiCATION: J J • 1 







W.R. van Engen 
J. Hoekstra · 
_}[._ ~s 
To detect possible pellet-clad interaction situations in the core 
of a power reactor by means of 
a) absolute elongation of the fuel rods or whole assemblies 
b) change in time constant for heat transfer of the fission heat 
to the coolant 
Experimental facilities 
Dodewaard nuclear power plant. 
Project status 
Still in progress. 
Next steps 
To come to an additional method for incore measurements to have 
\ better knowledge over actual core conditions. 
~) Relation to other projects 
Measuring technique is based on the Halden incore instrumentation 
experience with differential transformers. 
Reference documents 
None. 
Degree of availability 
Through the organization KEMA. 
AS THIS PROJECT IS TERMINATED, NO FO&~T WILL BE 
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To secure acceptable core conditions ro~owing ~ lossJof-preasurd;~ccident (LWR). 
·.:.. i . j! : i 
Particular Objectives •• 
. ! ;. J i : q !· l 
. · . !1 · I 
To discover whether internal pressure across zircallo . clad pinsj cliusos deformation 
which obstructs further cooling. i.; ' . ! · l :. j j , .j .' 
Experimental Facilities and Programm~ 
: • • ·, • ~ ~ j I . 
~ ~ I : 
. . l I ~ 
Fuel bundles up to 1 m. length are heated in a fUrnace, through defined temperature 
and pressure sequences. The bundles are dismantled and distorti~na measured. 
. '1.' 
. , : I.: : 
' l I l il ' 
Project Status 
'Many such tests have been performed. 
_by low temperature (850°C) sequences. 
, • . 11 . I 
EXtension bloc~ge can be produced particularly 
• I ~ . ..,, ! •. ' I' l' . : i . . . . 
. i ', . ; •••.. ~-. ! '! ~ f J i '· 
The <?ase is being _considered for ~ m~~e representati:Ve !orra 9!, P..9atillg. ;. 
.... .. ··--~ ... .,. ······~· :·r r·· :: '1·~: -I~ ,·: I ~ ''/1 I 
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HIGH TEMfERATURE CREEP OF ZIRCALOY 
Title 2 
lnitiatcd 1971 Gompletcd : 
Stu tus : LaGt updating 
___ ..... 
Descrintion: 







DR KM ROSE 
Scicnt'ioto: 
To secure acceptable core conditions following a loss of pressure accident 
( Lw"R) and s GHW'R. 
2. Particular Objective~ 
;. 
To define limits of :tempera. ture and stress for ·which the Zircal.oy can will 
not creep significantly. 
Experimental Facilities and Programme 
Short lengths of fuel can are taken through a defined sequence of temperature 
and internal pressure. The deformation of the can is measured throughout 
the transient. 
4. Project Status 
}L~ny tests have'been performed, originally with inert gas atmosphere, 
currently with a steam atmosphere as this significantly affects the results. 
The test is specific to the reactor temperature transient, so the tests are 
repeated from time to time as obanses are made to the reactor design. 
Reference Document 
SNI Report SNI/l/14 Oct 197,. 
I . 
.. 
- &,os.., l 
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DR K M ROSE 
5cicntioto: 
1-- ··-·· • ·--- ---:'- "'' ' •o M--·-•-• ·-·---· '"' '" -· o ""' 
,Description: 
1. General Aim 
2. 
To secure acceptable core conditions following a loss-of-pressure accident 
(LviR) and SGifvJR. 
Particular Objective@ 
To discover whether internal pressure across Zircaloy clad pins causes 
deformation which obstruots further cooling. 
3. Experimental Facilties and Proararnme 
iuel bundles up to 2m len5th are heated in a furnace, through defined 
temperature and pressure sequences. The bundles are dismantled and dis-
tortions measured. 
4• Project Status 
Many such tes~have been performed. Extended blockage can be produced , 
particularly by low temperature (8500C) sequences. . . 
The case is being considered for a more representa~ive form of heating. 
Reference Documents 
SNI Report SNI/1/14 Oct 1973. 
J 
i 
', .. ,. 
' 
' ' ... 
Berichtsieito/um/3eriod 12 77 • 1.1.7 - 1 •• 
Klassiqkf!i~n/Ciassification Kef!r§''~~~Project , Number 
0 
0 
Vorhaben/Project Title . Land/Country 





Full Size Vessel -Phase 1 Staatl. Materialprufungsans talt 
t (MPA) Universitat Stuttgar 
Arbeitsbeginn/lnitiated Arbeltsende/Completed Leiter des Vorhabens/Project Leader 
1. 10. 1976 31. 12. 1978 Dr Sturm I Doll 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing 31. 12. 1977 8. 983.828, ':"- OM 
1. General Aim 
Elaboration of a rough specification for the research programme "Full Size Vessel" 
as well as purchase and transport of a boi I ing water reactor pressure vessel. 
Fabrication of a part of a shell made of material in boundary condition • 
. 
2. Particular Objectives 
The rough specification sh~ll contain the following urgent examinations to be perfor-
med on the full size vessel: 
nondestructive examinations (flaw detection probability) 
detection of the zero-condition 
removal of trepan to verify probable defects 
internal press~re test 
3. Research programme 
4. Experimental Faci I ities 
Lining of testing cell has already begun (internal d-iameter 11,5 m, clear hight 
20 , 0 m , Fig. 1) • The ·underground and concrete work are underway. 
I, l 5. Progress to Date 
Rough specification: 
Elaboration of sect_ion "Non-destrucHve examinations" (flaw detection probability) 
which has been carried out by the lnstitut fuer zerstoerungsfreie Pruefverfahren (lzfP), 
Saarbruecken, espech:~lly with·regard to 






1.1.- 31.12.1977 - 2 - RS 245 
, Control of field welds 
detection of the state as delivered concerning the total vessel 
including closure head, head, and $tuds 
- observance of the flaw development and flaw propagation during 
loading tests 
elaboration of sections: detection of the zero condition and removal 
of trepan, cold pressure test 
construction of the frame 
Fabrication of the vessel at Breda, Mi I an (compare also Fig. 1) 
pa~t of head 
lower part of 
shell 
central part of 
shell (part 3) 
"weakened" 







32 control rod drives and one Nozzle 0 have been welded 
Nozzle 0 1 and 02 as well as Nozzle C have been closed 
by means of ~losure head 
ready for dispatch 
' prepared for shipment to the FRG where it shall undergo 
subsequent treatment 
Nozzle B has been closed with the closure head. Surface 
crack examinations of welds have been carried out 1 
. final annealing has been completed. Flange holes are 
to be dri lied. 
Transport has been prepared by KWU 
Fabrication of the weakened part of shell (part 4) 
' 
choice of material has been made (segregation melts) 
closure head semi-rings MPA-Melt 34/35 or KS 2/3 
\ . 
Steam generator head· MPA-Melt 44 or KS 4 
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1.1 ... 31.12.1977 .. 3 -
7. Next Steps 
rough specification to be completed 
parts of the vessel to be fabricated at Breda 
part of shell (part 4) to be shipped to the FRG (Jan. 78) 
Further closure head flange semi-rings to be forged 
Nozzles to be fabricated from steam generator heads 
tests certificates concerning the raw material of the 
pressure vessel to be evaluated 
Frame to be fabricated 
Testing cell to be completed 
8. Relation with other Projects 
RS 304 research programme of integrity of components 
9. References 
' 
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RS 245 
~4608 
Fig. 1: Dimensions of the Full Size Vessel and the Testing Cell 
Dimensions of the Vessel in mm 
Dimensions of the cell in m 
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. - University qf Stuttgart 
'. 
. 
Forschungsprogramm Komponentensicherh~it (FKS) I 7e8efg~~~£~~~~ga62 
Arbeitsbeginn/lnitiated I Arbeitsende/Completed 
I 31 012 0 1 97 8 Leiter des Vorhabens/Project Leader 1.9.1977 Dr. Issler/Dr. Foehl 
Stan~ der Arbelten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds } 
.Completed D·ecember 1977 OM 1.568,565,--
-
·General Aim 
The Research Programme Integrity of Components (~ KS} which 
is jointly financed by t~e Federal Minister for Science and 
Technology (BMFT), s~stem manufa~turers, component and 
m~terial manufacturer's and utilities comprises a total 
volume of approximately 50 Mill. OM during a running .period 
of five years. Its objective is to verify the safety of 
. . \ 
components which are relevant for light water nuclear 
power plants. Phase 1 of 'the·F KS is focused mainly 
' ' 
on the long time.behaviour of the reactor pressure 
vessel in older plants for which the safety margin 
shall be investigated with regard to u~favourable state 
'I 
of material, flaw, and st·ress ("Lowe:r:-bound-concept) •. 
-For budgetary reasons. the pro9r.a~e is split up in formal 
· projects f~r · ea~h fiscal' yea~~~· · . 
· ·particular Objectives· 
The particular objectives of the F KS, are derived·from 
the.above mentioned conditions of're~l and assumed 
ra~ges of parameters. They mu~t cover situations from 
limiting conditioni, to those exceed~ng- limiting 
conditions for manufacture, test, operation, accident 
' ~d faulted co~dit~ons of the reactor pressu~~ vessel· 
and allow evaluation in view of their relevance,to 
safety. Particular objectives are arranged as follows 
according to the sequence and strategy of the programme 
• Intentional and reproducible production of various 
materials, flaw and stre$s qonditions ("procurement' 
phase") 
,··.' 
l , .. ¥ I tft 
: -. 
.. 1.9.1977- 31.12.1977 
- 2 - as 304 
2.-2 •. 
2.3. 
) J •. 
3.1. 
' \ 
· - covering operational influences 
(irradiation, corrosion,· tempe~ing, mechanical 
loading, cf. pt. 2.2) 
Complete description of these conditions ("charactei:'-
.ization phase") as well as their influence on limiting 
loading as .related to cra~K initation, crack propagation, 
crack arrest and instability 
- flaw detection probability by means of nondestructive 
methods 
\ 
correlation between metallographic resuits and·mechanic-
. al behaviour 
applicability of material characteristics determin~ on-
small tensile specimens 
assessment of t~e applied HAZ-simulation techniques 
- reliability of the theoret~cal stress analysis 
. 
in order to calculate load and residual stresses 
Effect of these conditions concerning saf~ty 
. - ' . 
' ("applicability phase") 
application of these results under.RPV conditions . 
' ' 
optimization of manufacture and operation of the RPV 
conclusions concerning safety concepts and 
codes 
Research Programme 
The research programme.may be derived from. different 
objectives and can be grouped according to section 2 
in following steps 
Procurement phase 
melting, forming, welding and heat treatment of the 
materials, simulation of heat affected zone~ 
- aging,. irradiation, corrosion and fatigue 
tests 
Characterization Phase 
- nondestructive (especially ultrasonic) testi~g and in-. 
vestigations in the field of ma~rials science (chiefly 
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- 3 - RS 304 
_, 
metallographic) on the tes~ materials and specim~ns 
(pre- and re-examinations) 
- loading tests to define the mechan~cal properties 
(strength and toughness) 
small specimens· up to 100 mm thickness (tensile, notch 
bar impact, drop weight, fracture mechanics, low cycle 
fatigue tests 
in the as received condition {base material, ·weld joint}, 
I 
and after HAZ-simulation, aging, irradiation and under 
corroE;ion 
- large spec,imens up to 500 mm thickness (tensile, bending · 
and centrifugal specimen) weld joints and base material 
- intermediate size vessels up to 150 mm wall thickness 
with "welded in" pieces,· nozzles and ring segments 
- accompanying st~ess analysis and fracture mechanics 
calculatio~s (linear-elastic, elastic-plastic) 
3.3. Application Phase 
... 
- listing of 'real and hypothetical RPV conditions as well 
asJ~afety concepts 
- correlation with test results of the F KS 
development of the transferability of results 
- proposing optimization procedures for manufacture and 
operation 
··Experimental Facilities,- ,Computer Pro.gramme 
In order to perform the research programme it is ne·cessary 
to incorporate methods fr?m all fields of material s~ience,~ 
strength of materials and material examination~ The' 
following methods will be employed: 
- nondestructive test method .. s 
(magnetic particle inspection (MP), liquid penetrant 
examination (PT), x-ray examination, ultrasonic 
examination) 
- metallographic test methods (micro analysis, optic~l 
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- HAZ-simulation t~chnique 
..... 
(inductive, res,istance and electron beam overheating) 
irradiation facilities 
(research and power reactors including dosimetry) 
corrosion facilities 
(static and refreshing-autoclaves, including measuring 
technique) 
- mechanical properties testing facilities 
- sma~l specimens 
(universal .testing machines, static and oscillating, 
drop weight testing machine, impact testing machines 
I 
_both pendulum and tensile types,_including measuring 
technique) 
- Large specimens 
{static tensile testing machine up to 100 -MN . 
fatigue testing machine up to 10 MN 
drop weigh't testin9 facility ~P to 100 000 Nm, 
centrifugal test facility 
intermediate size vessel 
(burst chamber, pumps up to 2000° bar) 
- computer programme 
-finite element programme including 3D-elastic-plastic, 
(e.g. ASKA, MARK) including transient 'temperature fields 
(e.g. SMART) and cracked components {e.g. BIGIF) 
' -
- systems of programmes to define the neutron spectrum and 
damage function for irradiation 
5. - Progress to Date 
During-the period of the report representi~g- the first 
months of the programme 2t was intended to conduct work 
which includes in part)..cular. 
organization of the total programme 
specification of the year 1978 
(general and detailed net plans, bar charts), 
moreover, ~t was possible t~ begin the initial activities 
- I. 
113, ').., ~ 
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- procurement of available' component heats 
I 
- specification and procurement of 
- special devices for testing facilities 
'\ 
- peripherial facilities for computer processing 
-preparation of-documentation and evaiuation' programmes 
Results (not applicable) 
·Next Steps 
' 
. During the course of the planning phase it became'necassary· 
to extend the planning period until the end of-Mar9h 1978. 
This phase shall specially serve the _purpose of describing 
in. detail the basis on which the tender ·1978 will be based. · 
Moreover, the material to be melted {component-and special· 
_melts) will be --chosen and supplied in view· of analyse and 
melting parameters, in addition to continuing the organ-
. . 
ization of ~he work during the extended planning period. 
·Relation with other Projects 
The F KS is closely related with the following 
- Urgency Programme , 
HDR :safety Programme 






. - 9. Refere·nces 
',. 
J ,-
The programme is based on the "Summary of the Detailed 
specificatio:t;l" drawn up in connexion with the overall 
specification (RS 192). The results. obtained during this 
report period are summarized in the appropriation document 
for the corn.ittittee of experts "Materi·als and Strength" and 
the steering committee. 
10. Degree of Availapility of the Reports 
The "Summary of the Detailed Specifica-t;.icm" can be obtained 
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Etude de faisabilite d' essais sur c:uve PWR i 




Titre (anglais) Orga.uisme e.xicuteur 
' .. 
• 
CEA/DSN I SETSSB. 
Feasibility of tests t"o be made on scale 1 . ' 
PWll pressure vessel. \ Responsable 
J. DUFRESNZ 
DSN/SETSSR/Fontenay 
Date de Eta.t ac:tuel .Scientitiques 
dCa..~e.ge 1-/1/77 en cours 
-. 
" i I 
Date. prevue Derni~re mise 
d'acl19vement 1/7/78 ;: jour 12/77 
-
- Objectif general 









Cette etude est executee dans le cadre--d'un contrai: entre EURATOM et 1 'Universite ,. 
de PISE • Celle-ci s 'est entouree d 'experts-ehoisis dans le'S cHfferents pays de la. 
Communaute ... 
:. Q2 - Objectifs partic:uliers 
1) Enqulte aupris des construc:teurs, exploitants., et autoritl de surete de 
France et de Belgique sur l"'indret d'effec:tuel;' un programme d'etudes ex-
perimentales i·partir d'une c:uve de reac:teur a eau i·ec:helle 1 : 1 •. 
2) Rec:ense~ent des c:uve• i ec:helle 1 : 1 existant, en Europe, et dont la com-
mande a ete·annulee. Etude des differents programmes d~essais nieessitant 
d'etre effec:tues sur des cuves i echelle 1 : 1. 
3 - Installations experimentales et programme 








... ... 'I ... 
• 
Etat de l'etude • 
1 ) ~Y~!::~!!!:!.E-!...5!-i~~! 
4 reunions ont eu lieu au cours 'du sexnestre. te. r_apport final est en cours 
de,r6daction. 
2) ~!~illll-!!!!:!.Efill 
A la suite de l'enquete effectuea aupres des ccnstructeurs europiens, il 
resulte que ceux-ci ne possedent plus ·de'cuves fabriquees ou en co~rs ·ae 
fabrication, et dout la commande a ete annulee, 
Deu.~ enquetes ont ete' entreprise~ aupres des ~aboratoires, exploitants, 
constructeurs et autorite de sur~te. La premiere avait pour but d'identi-
fier les principaux progr~es actuellement en cours en Eu~ope sur l'etude 
du comportement des matlFiaux utilises dans la co~st~ction des cuves de 
reacteurs a eau. La secoude a permis de recenser l'interet que porteraient 
ces differents organismes a l'etude du comportement d'une cuve entiere ou 
d'une partie de ,cuve, au aioyen d'essais simula.nt les conditions de fouc:iou-
nement. 
tes etudes propos,es par 1e$ orgauismes consultes. portent essentiellement 
sur : 
- Les coutroles non destructifs ultra-sous. emissiou·acoustiquei 
. - Le comporteJUent des defauta naturels alric c:yclages thermiflues. · 
-Les c:~it!res de rupture en mecanique llastoplastique 
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"l:itre ' . Pe.y~ 
FRANCE 
Evaluation de la probabilitl de rupture d'uue cuve 





·Titre (anglais} Crga.nisme. executeur 
CEA + EURA'IO~ + 
Failure probability· calculation of a PWR pressure FlWfA.'IOME I 
vessel. 
. Responsable . -----
' J. DUFBESNE 
I DSN/SETSSR/Fontenay 
I 
Date de Eta.t a.c~el ·Scientitiques 
) dmarr~e '1975 en cours 
Repartis dans ,diff€-
rents laboratoires. 
Da.te prevue Derniere mise 
d'achevemc't 1978 a Jo\a- 12/77 
1 - Objectif general : 
0 
2 
' Evaluation de la' probabilite· d~ rupture d'une _cuve de reacteur a eau pressu...; 
risee par une methode probabiliste basee sur les lois de la mecanique des ruptures. 
·Cette mithode devrait permettre d'aboutir a.·: 
- une comparaison entre la pr~babiliti de rup-ture de la cuve de reacteur et celle · 
des ca~lisations du circuit primaire. 
- difinir l'~portance relative des differents par~itres intervenane· dans le 
- mecani-..,de la rupture. ' 
- une comparaison entre les differences methodes de const~ction- et d.' exploitation. 
Objectifs particuliers 
'routes les donuees sont intro.duites sous forme d 'histogrammes. Le projet &ine-
ral se subdivise en 7 sous programmes •. 
. .. / 
' 
_"i· .... -
.,. e \ .. 2:; 1 tf 'i'it'•th 6c • ; 1 
,...., ·r . ·-<·~ 
113.,'8 ,_ .t,- ,,-' .• . .t 
• < 
'~ '' .r 
1) Revue et discussion des principales mithodes statistiques et probabilistes 
utilisees. · 
·2) Coliecte des defauts recenses dans.les differences cuves existantes. 3 contrats 
ont ete signes avec des f•briquants europeens pour recueillir les donnies sous 
formulaire standard. · 
3) Recueil des donnees relatives aux proprietes mecaniques de l'acier A 508 Cl 2 
sous forme probabiliste. La plupart de ces donnees sont obtenues a partir de 
1'~5-HSST programme. 
4) Validation des formules de calcul du coefficient d'intensite de contrainte. 
5) Validation des lois de propagation des fissures par verification des _donnees 
experimentales obtenues sur des eprouvettes CT, et sur des plaques ou des 
tubes comportant des defaU:ts elliptiques artificiels. 
6) Analyse.du systeme de contr61e du reacteur afin de definir les conditions de 
fonctionnement programmees et accidentelles ainsi que leur probabilite d'occur-
rence. 
:; 7) Mise au point d'un programme de calcul faisant entree, sous for.m~ d•histogram-
me, le defaut initial, la propagation .pendant-.le. fo:nctionn~nt, la r'sistance 
du mat,riau et les criteres de rupture. 
~ -·Installations ·experimentales et-programme : 
iravaux effectues avec le coucours d'~TOM et de FRAMATOMS ~fnsr·~~e, par.~ntrats, 
avec d'autres industries et universitis : Universiti de Technologie de Compiegne, 
Universiti de Metz- Creusot Loire (Saint-Etienne), - CETIM (Senlis), - STCAN 
(J'aris). 
·Les calculs--et la mise en oeuvre des codes sont effectues &\1. Centre Commun de 
Recherche d'ISPRA. 
4 - ltat de l'itude · : I 
La 1 ere part_ie est terminee-: il en a ete deduit que le· nombre de cuve est actuel-
lement trop insuffisant pour en tirer une valeur probabiliste de rupture. 
' ' 
La 4eme partie est terminee : 230 ruptures fragiles ant ete recensees. On constate 
que les valeurs obtenue$ a partir des for.mules de SHAH et KOBAYASHI sont de S % 
•inferieures a celles obtenues a partir des resultats experimentaux. 
La 6e:lle partie etudie 36 c'as possibles a.insi que leurs probabilitb d'occurrence ... 
. ' 
L'etude du code de calcul est effectuee au.Centre d'ISPRA. 
Le code de base est " COVAL " ; les donnees d'entree sont introduites sous 
forme d'histogramme. 
longueur et largeur du defaut initial. 
' -
... /· 
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Coefficients de la !ormule de PARIS. 
resistance. du ma.teriau. 
,< ' 
/' 
'1- Documents de reference : disponibles (partenaires de 1 'accord) 
(' 
,I ' ~ 
·•• Programme d'etUde concernan~ l'evalua.tion de la probabiliti. derupt:U.ra d.'une 
cuve de reacteur a eau ", J •. DU'FRESNE. Rapport DSN 94. 
" Etude p:-obabilis te de la rupture de euve de chau.diere nJJel~aire a eau ordinaire, 
premier rapport d'avancement Oetobre 1976, J. OUFR£SNE OSN 116, et 2eme rapport 





















































































































· . ..:. .... _ __..__ ... , 
'\ 
Title 1 (Original language) Classification 
Sull'inizio di px:opaqazione cli una rottl! 
in reeipiente in pressione c:ostru,i " ·11.2 ra un . 
con materiale duttile ~ . to .. 
Title 2. (English) Country ITALY 
st~rting of crack ~ropaqation On the a SEonsor CNEN - CNR 
in a cylindrical pressure vessel of 
ductile material. Organisation univer1sity of 
Pis a .. 
Date ini'l i atcd 1968 ~roject Leader 
Date comEleted 1980 
Last U:Qdating, CARMIGNANI Costantino May 1977 
. 












-~ The a_im of this research program is to evaluate the 'possibility of 1 using linear elastic fracture mechanics concep~s to forecast the startin9' 
. . In the first phase it was -developed a theoretical work to evaluate th~, · l of crack propagation in a .ductile mate;ial. · , : ··-elast-ic stress field ·around the· tiP.' of the crack (Ref. 1.2) • After, seve"" 
I.' ral cylindrical pressure VessC'lS With axial thr.ough thickness cracks, W~ • r • •• ••• re bursted by internal pre-ssure (Ref. 3.4.5). The results of this experi." · mental work demonstrated the poss.ibili ty of using cylindr-ical pressure 
I· ' vessels, like those above mentioned, to determin~ the critical parameters 
(K or COD) of the material • 
. cNow an experimental work is completed to .evaluat'e size effect on the 
determination of the cri.tical para~eter with the method above· indicated •· 
'(Ref. 6) • 
I 
I, ~- At present we are working "on an- experimental research with the aim 
I ·~a evaluate the behaviour, by using linear and elasto-plastic fracture 
mechanics concepts, of cylindrical vessels with axial or circumf~.rential ·: . 
throughwall, or partial-through, cracks. 
. ~-
"vessels will be loaded with internal.pressure and/or bending moment • 
. -· Facilities- used· are a pressurization, system with an e'lectric/manu.al . 
· pump for bursti~g tests ~t ro~m temperature and a frame tor bending 
tests. 
Relation to other orojects , 
\ Research outlined is strictly selected to joint experimental programs · , . 
Qeveloped by CSM (Centro Speri~enta~Metallurgico), Palermo university 
Laboratory and CNEN. · · 
Reference documents 
l. GARMIGNANI C., DEL PUGLIA A. 
Applicazioni di ·metodi di caleolo elettronico all' analisi del compo.r, 
tamento elastico di piastre rettangolari coni;enenti .una fessura pas- -
sante cencrale, caricate norrnalmente al loro piano medio. · 
\, ' 
. ' 
~ ' ' Atti Ist• Mecc.'Appl. - Univ. Pisa, .n• 11- Anno_~cc. l96a-''69. • ~ : J 













Tiile 1 (Original language) Classification · 
sull'inizio di propagazione di una rottu 
ra in un recipiente ,in pressione c:ostrui . '11.2 




' ~- . '
.. 2'. CARMIGNANI C., CELLA A. 
Elastic ~nalysis of Cracked Th.in Shells by the . .Finite. Element Method. 




3. CARMIGNANI C. 
'!' 
Ricerca teorica e sperimentale sulla propagazione delle ·rotture nei · : ). 
recipienti in pressione. · ;. 
Atti del Convegno Nucleare di ~isa,- vol. l, CNEN, 1971, ·pp.279-. 319. . · .' .~ 
4. CARMIGNANI C., REALE S. 
Elaborazione dei risultati della ricerca .sperimentale sul'la propag.a.---, 
· . zione ce lle rotture 'nei · recipienti in pressione. 
- 'A'tti .Istituto di Impianti Nucleari - ,univ·. Pis~. R~ 153 (7~·), !1973. 
') 
.. : ~ 
f ~·, 
• f• 
\ ' ' . 
· s·. CARMIGNANI c H CIBECCHINI P. , REALt s. <·: 
Caratterizzazione di un acciaio al Nichel per irnpieghi a bassa temp~ 
\ • · · · ra.tura ~Rn i criteri de1la meccanica della frattura. 
Proc. 5 Int. Conf. on Exp. Stress Analysis, Udine, 1974, pap~r la 
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CARMIGNANI C., REALE S. . 
Valutazione dell'effetto scala nel1a determinazione del 
ticocel material~, mediante prove di scoppio di .moqe1li 
fessurati. 
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Title 1 (Original language) Ricerca sperimentale . Classifica!ion 
sull' accumulo dell~ defonnazioni ·e. sulle rotturo ' 
per fatica di tubazioni soggette ·a carichi vari~ 11.2 /' 
hili ripetuti. . ,, 
Title 2 (English) ' Countr~ ITALY . ,·, 
EXperimental research,on incremental collapse SEonsor CNEN I 





Organisation University of 
Pis a '-
-
Date initiated 1976 Project Leader ·• 
Date comEleted 1980 : 
. , NERLJ, G • 
' )· 
i'o-•' ~ 
Last uEdating May 1977 I 
0 . This research is concerning wiih extending understanding of (i} incremen ~· 
tal ~oli~pse phenomena, with progressively increasing deflections, and (iiT! . 
. plastic fatigue phenomeni in stainless steel piping components subjected to' 
variable repeated loads. . . ' ., 
Loads will be' determined that produce (i)'per.manent strains and deforma-! 
; tions in excess of the design limits and (ii) plastic fatigue rupture·s in: "' 
r · • T branched pipes fixed a~ their flanged ends a~d load~d in two.scctions by ~ 
·.-~.variable repeated loads} The refer~nce is to "emergency" and "faulted" lo,ad·! 
.conditions as they are defined in ASME III Code. !I 
The models are fabricated by stainless· steel pipe and simulate some pri " 
ll ·~ . mary circuit piping components. The models will be. tested using ·an existing· . . · ·--: , experimental rig. 
f ·. Experimental incremental. co~lapse results. will be compared ·-with calcula- • 
1 .. .-·~~-· ted ones by an existing comt,mter. program based on finite element technique. : 
' t' The program takes into account the •ffects of material ~train hardening, . . 
I 
' ' 
·(J where Section III of the ASME Code is based primar~ly on a limit analysis 
'approach, that is on an ela~tic-perfectly plastic behaviour oi the material.;: 
.. 
'' 
One important obj.ective of the research is to determine material and . 
·weld (of flanges) qualificatio'l'\ parameters to be used for obtaining the 
.. · .. best results by the calculus. 
•' 
r· 
· Some researches on plastic behaviour of carbon and stainless steel pipes· 
were just performed at "Istituto di Impianti Nucleari" and at nrstituto di 
Ingegneria Meccanica" of Florence University/1,2,3,4,5/. 
The results of the· present research will be entirely published. 
The research will be. per-fo.rmed unde'r a contract with CNBN: 
~ ··Re·ferences 
' ' 1. A. DEL PUGLIA, G. FILIPPELLI, G. NERLI 
' 
-"Espcricnze sul col lasso di tubazioni · ipe-rsta ti.che piane" •:, non \' 
-. '.I 
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Title 1 {Original language) Ricerca spcrimentalo Classificatin~ 
sull'nccun~lo delle doformazioni e sulle rotture 
per· fa tica di tubazioni soggette a ea rich~ varia · .11 • ~ 
' .. -bili ripetuti. . . 
~. DEL ~UGLIA, G. NERLI 
"Experimental Research on Elastoplastic Behaviour and Collapse J ..oa(l of· 
Statically Indetermined Space Tubular Beams" 


































"' 3:~· ~ P. CITTI, A. DEL PUGLIA, G. NERLI :·; 
.. · . "Experimental Study on t.he Effect of Variable Repeated Loads on Steel . , . ,•;· 
Piping Components" 
3rd Int. Con£ •. on :Structural Mechanics in ReactC?r· Technology, London.-·· 
Sept. 19 7 5. · · ,-.., ' 
' ........ 
















"Esperienze su tubazioni soggette a caric.hi ;variabili rlpetut·i" r· 
3rd Convegno Nazionale AIAS, ·Bologna, Oct. 1975 • 
.P; CITTI, P. RISSONE . 
"Calcolo e verifica sperimen'tale della deformata di una travatu'ra in 
campo el'astico-incru4ente'' ' ... . 
IV Convegno Nazionale AIAS, Roma, Set· •. 1976 •.. ) 




















Title 1 (Original language) Classification 
Fatica ad alta temperatura di elernenti struttu- 11'. 2 . I, 
rali . . .-
' 
Title -2 (English) 
'-
Country ITALY 
High Temperature Fatigue on Structural Sponsor CNEN 
Elements Organisation University of 
PISA 
-Date initiated 1976 Project Leader 
Date completed 
. 1980 
A • DEL PUGLIA . 





' Research prog_ram: to gather cxperimen tal information on· the ljigh Temper!!_ 
ture Low Cycle Fatigue behaviour of-simple tubular welded structures in 
AISI 304., 316 and other materials. The load conditio'ns are characterized 
by: 
temperature (mainly. compt;ised .between 430~nd 650°C) · 
imposed strain (ranging from 0,5 to 2%) 
hold time (from 0 to 30 min and over). 
A particular effort kas been performed at properly-characterizing 
specimens and related manufacturing technology. 
. 
~ . 
Up to now have been tested butt welded pipe segments with flanged 
... .soo mm long and with 60' 3 .\mm outer diameter. . . . ends,:: 
Facilities: test apparatus·, which' is able to house specimen:s-~p to 650mm· . 
lenght and to apply a 20.ton. maximum axial load. ~ Temperature and load cycle control instrumentation.· . ; · Q · · Load, axial and diametral de'formation transducers and related instru-· 
mentation. 
Acoustical emission instrumentation. 
Reference documents 





Sul· comportamento a fatica ad alta temperatura di elementi stru•ttu-
rali in acciaio inossidabile di tipo austenitito. 
. I : 
•I' • Atti Ist. Meccanica Applicata e Costruzione di· Macchine - Universi-· 
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Title 1 (Originallanguag_e) 
•, 
Fatica. ad alta temperatura di elementi 
·strutturali 
DEL PUGLIA A., BARTOLI G. 
--··----- .... ,..__ - -~.-- ~·- -
. ,. 
Classification 
ll. 2 .... 
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·~rove preliminari ad alta temperatura di elementi tubolari saldati in_ 
acciaio inossidabile. · 
Atti Ill° Convegno AlAS - Bolog~a 1975. . ~ 
DEL PUGLIA A., MANFREDI E., CABRELE G., ZOLA S. 
Fatica ad alta temperatura di elementi strutturali tubolari saldati 
'in acciaio inossidabile: primi risultati. 
Atti IV Convegno AlAS- Roma (1976)~ 
DEL PUGLIA A., MANFREDI E., 'TOMMASSETTI G. 
High Temperature· Fatigue Experiments on Welded Stainless Steel St·-- c 
, tu res. 
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Rotterdam Dockyard and others. 
·· , .TITLE: 
!reukanalyse Onderzqek aan ~t~en (BROS) 
TITLE (ENGLISH LANGUAGE): 
Fracture analysis research on nozzle intersections. 
(BROS) 
, INITIATED :March 1972 , 'LAST UPDATING: May 1978. 






COUNTRY: THE NETHERLANDS 
SPONSOR: Ministry of 
Ecopomic Affail;'s 
ORGANIZ~TION : Rotterdam -





H.J.M. van Ro~gen 
A. 4e Sterke/M.J.A. Koning 
Crack extension behaviour in heavy section nuclear steel pressure vessels ia areaf 
of complicated geometry. 
~articular objectives 
In particular attention will be paid to crack occuring in areas of complicated 
geometry and stress distribution, notably nozzle corner regions. The program 
covers the following items: 
- early detections of defects 
- detailed surveillance of the growth of defe-cts 
- establishment of prediction for further growth of defects by fatigue and 
fracture. 
Experimental facilities and program 
The main activities are: 
- the-oretical research directed towards the development of efficient computation 
methods to calculate the crack extension behaviour for 'complicated configura-
tions, such as nozzle corner cracks, using advanced analytical and finite ele--
ment techniques, · 
- experimental investigations of crack extension behaviour in uni-axial and 
bi-axial load'ed cracked nozzle...:on-flat-plate models, manufact:ured mainly from 
nuclear grade pressure vessel st'eel (ASTM A508 Cl. 2), . r'·. 
- determination of fatigul and fracture (elastic and elastic-plastic) related 
material parameters for A508. material, . - . , 
_.....) - research on th.e. applicability of Acoustic Emission techniques to detect, locate 
and characterize crack extension in the material of concern, 
-·the main test facility to be used is a bi-axial loading bench, suitable.for 
. plate dimensions 700x700xl5 nun, 'capacity 200 tonnes static force, 200 tonnes 
dynamic loading, frequency 1Hz. 
Project status. 
- A series of nozzle-on-flat~plate models .has been uni-axia11y fatigue loaded and 
after sufficie~t crack growth, fractured by overload, 
- Computer programs have been completed, 
- Accoustic Emission testing has been completed, 
- Fatigue and fracture (J1c-) tests on standard specimens have been completed, ~The bi-axial loading bench has; been constructed and t~sted, / 
- The testing of flat plate test pieces using the biaxial loading bench is in 
,progress, and , 






._.. •' A '~ .1• • 
Rotter9am Dockyard and others I CLASSIFICATION ·: It .2 
Next steps 
The next steps will be the testing of flat plate test pieces of A508 material 
using the bi-axial bench and the publishing of the final technical report 
concerning the above mentioned tests. 
Relation with other projects 
Results 'of this pro.]ect will be used within the "EPOSS" project. 
Reference documents 
A serie of about 50 technical and progress reports have been prepared. 
Nearly all these reports are written in the Dutch language. 
Degree of availability 
The reports have been submitted .to the Ministery of Economic Affairs, Laan van 
Nieuw-Oost Indie 123, The Hague. Requests for obtaining copies:should be sent 
to this address •. 
Budget 
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~~tt~q·~,!~au~/PI~Q.a1 2 , 7 7. KlaialfiiUitlon/OiiiliifiOltiOfl IW"!f~~1iWi",~o~u1.ar 11 2 1/ . 
Vorhaben/Project "J;itle .Land/Country 
. Re.actor Pressure Vessel PRG' ' . 
-
- ·Urgent Programme 22 NiMoCr 3 7 - b~~eTnde InstitutiOn/Sponsor 
Part 13 - 10 000 Mp-Tensile Testing Machine 
! • 
Auftragnehmer/Contractor · 
Construction of Testing Hall.by the Staatliche·Material-prUfungsahstalt (MPA) Staatliche MaterialprUfungsanstalt in order Stuttgart to conduct the Research Programme 
Reactor Safety 
· Arbeitsbeginnllnitiated Arbeitsende/Completed Leiter: des Vorhabens/Project Leader 
0 1.12 •. 1972 ·31.12.1978 Prof. Kragelol.l/Doll 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewill~gte Mittei/F~n~ 













Quantification of Safety of Reactor Pressure Vessels. · 
Particular Objectives 
Errection of a 10 000 Mp~Tensile Testing Machine and 
construction of the testing.hall·; Figs. 1 and 2, with 
and testing cell ior the full size vessei (RS 245). 
fundaments 
' ' 
3. Research Programme 
5. 
Experimenyal Facilities 
The machine parts o£ the 10 000 Mp-Machine a~e completed and 
, ' 
most of them are storeq at the MPA. All necessary heavy t~ans-
ports were carried out Fig. 3. The fundaments for the' machine 
are completed and the testing cell is under construction, 
Fig. 4. 
Progress to date 
I 
10.000 Mp-Maschine: The cylinder (135 Mp) has been mounted on 
the fundament, Fig. 5, the complete shock absorbers as · 
well and all other parts are being prepared. 
1. stage of construction (bays 1 - 4): 
The hall is completed in the raw, the steel .structure 
mounted and roofed. The 126 Mp-hangar crane functions and 
work for installation~ such as heating, cooling, plumbing ' 





- ....... -- ....... ....,.:'"'-· 
i ., . 77 .... 31 • 12.77 
-2- RS'10.1/RS 101 A. 
2. Stage of construction (bays 5-7): 
The underground work is completed and·. the depth of the 
testing cell is -21 m, the work around the testing cell 
is nearly finished. I 





Mounting'of the 10 000 Mp-Machine is being continued including 
the total serve hydraulic, electrical' equipment and ele'ctronic. 
Calibration a,nd putting t.h..:l machine into 9peration ·will be in 
Autumn 1978. 
The te.:;ting cell with fundru:nent for the full s'ize _vessel is· 
to be armoured anq reinforced.with concrete, completion of the 
shell construction of the second stage, mounting of the stee'l 
' 
construction and roof in the second stage, external panelling 
of the complete hall and the completion of the installation 
still to be carried out. 
Relation with other Projects 
RS 245 Research Programme Full Size Vessel 
RS 304 Research Programme 'of Safety Qf Compopents ·~ 
References 
Quarterly Reports RS 101/RS 101 A in GRS Research Reports, 
period reported on July 76- becember 77 (German}. 
10. Degr·ee of Availability 
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Fig. 1: Foundation plan and section of the complete testing hall 
/' . 










testing hall (section) 
MN.-Machine'and Full Size 
. . . . . -~l ;.lj~ :·: ·~~~ 
R$ ·191/RS ~1or A~----~. 
. •• , . ·· •"" .. .J;~oo~,.,.:Z)•la .. .:... ·~ ~'"''"'"-·'"'""'· 
Vessel 
1.1.77 T 31.12.77 
Fig. 3 
~ 5 - RS ·101/RS 101 A 
Heavy transport in the harbour 
of Heilbronn (cylinder 135 Mp) 
- 6 - .RS' 1-01/~ ·101. A 
Fig. 4 Testing cell und~r construction 
'· 
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' Klassifikation/Classlfication I KetSzeic:hf?'ProJeat Number B;,dch~zeitt7'?'Peri~ 12. ?? l.e L• - 1 • ''11.2.1 R 20 
Vor.haben/Project Title Lart;I/Country 
Er1·!ci terung des Einsatzbcreiches kobal tfreier FRG 
\·/erkstoffe fi.ir Reib- und VerschleiBbean-· l=ordernde Institution/Sponsor 
spruchung im NDES Leich t1<1ass.erreaktore::. 3; ~~J;l von ..... -
Auftrag~_ehm_er/Contractor 
KR.tJ'T~lER.'{ U1~IOU AG 
.Extension of the Use of Cobalt-Free !1aterials Rea:ktortechnik 
for Resistance of Friction, \vear a.."ld Corro-
~:ion ~~n the Nucl·ear pteam Supply System R 4~ Erlangen 
:i'T3SB of LltlR' s I , 
Arbeitsbeginn/lnitlated Arbeitsende/Compl,eted Lelter des Vorhabens/Project Leader ·· 
1. 5• 76 ; 30. 9. 79 L. Stiedinr1; 
Stand ·der Arbeiten/Status Berichtsdatum/Last Updatin~ Bewilllgte Mittel/Funds 






Reduction of contamination of t.~e :TSSS by products of 
corrosion and wear, \'rhich toget~er •-lith the coolant pasf) 
through the reactor core a..~d thereby beco~e activated. 
:Particular Objectives· 
a) Selection ~d (eventually in codperation ~lith the 
manufact-urers) developne::1t of Go-free plating materials, 
which can also be exposed to i~?act stress conditions 
and which can be 'vorked more easily tha."l. Everit 55 .• 
Investigations of the behaviour of these materials 
&"l.d conditions of slidi~g, inpact .a.."ld corrosion~ 
b) Selection and evaluation of ?las::la"':'sJ?rayed materials 
with satisfactory corrosion and ,.,..ear :properties under 
PWR and BWR ccmdi tions. 
c) Selection and ev-aluation of stai:lle$S steels '\-Thich are 
expected to sho·,.,. better frictio:l B..:ld '.-tear behaviour than 
mateiial No~ 1.4550. 
3. Research Program 
3.1 .Selection of test materials: 
pre-se~ection, acquisition, fabricatio:l of samples, 
adhesio~ tests, friction &"ld wear tests at 20 oc. 
3.2 Corrosion tests: 









- 2- RS 207-
for resistance to integranular corrQ!""i.on. 
Friction and wear tests: 
fabrication of samples, tests at 20 °C· a.."ld 300 °C. 
I.IJ:echanical tests: 
fabrication of samples, adhesion tests, brittleness test _ 
Evaluation of test results. 
Test Facilities 
The req~ired test facilities have either·been used in 
·previous tests or have recently been developed (hydraulic 
apparatus for RT tests; stand for high-te~perature wear 
tests at· 300 °C l'li th simultaneous influence of corro~ion;' 
static and.refreshing autoclaves for long term corrosion 
tests) and are available for.the above described tests. 
Progress to D~te 
Plating materials 
Friction tests were run with t~e materials 
Pantanax 25/0 Mo-G 
- VEW alloys A-H 
- Tribaloy T 700 
Nicrend.C 
Corrosion tests were started l-.rith Pantanax 25/0 I'lo-G 
.. ·-·~..o 
·and the VF:\·1 alloys in P~lR primary 1vater (350 °C, 1,500 ppm B)· 
Spray layers 
A literature study was started, the chances of detonation-




' ........ / 6. 
6.1 
.. 
... . :- ~ { 
RS 207 
Structure materials 
A literature study was started, a test program was worked 
out. Friction probes were assembled and tests were run 
in water at .20 °C with 
- I1aterial No .. 1.4550 (for comparison) 
- Nitronic 32 
Nitronic 60 
AT 18 m 9 h w'K • 
- .Amagnit 3974-V£ 
Results 
Plating materials 
The wear mechanism Pantanax 25/0 Mo-G was a pure 
abrasion-wear process. 
~he alloys A-H were not suited as plate naterials 





The test program has been completed, the test materials 
are. fixed. The producers ·of spray-layers '\·rere contacted. 
Structure materials 
First' wear and friction tests with Ki trorlic 60 '\ore re 
successf'ull. 




. ' Wear tests '\1i th plate materials, ~orrosion tests with 
detonation- a.'1d ?lasma-sprayers and i•{ear a.'ld frictipn ' 
tests wit2 ·structure ::1aterials \vill be continued. 
Relation with Other ?rojects 
References 
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C1assificatinn: 11;2.1. 
Country: 




Dynamic .Fracture Mechanics 






Initiated date: 1973 Completed date: 
Status: Some basic investigations finished c. Debel ·-
1. General aim: To develop fracture mechanics approaches to evaluate 
crack prppagation in inhomogenous steel in which the fracture toughne!?s varies 
along the path of the· crack. 
' 2;; Particular objectives: Welded connections in steel structures con-
stitute areas within which the fracture toughness varies considerably. Welded 
connections are furthermore the most likely sites for ~efects able to cause 
/ 
failure of the steel structure. A particular aim of this project is to evalu~te 
the critical size of a brittle volume as related to the general fractu~e toughness 
of the base metal. 
3. Experimental faciliti~~ and programme: Tensile testing, fast bending 
and instrumented impact testing machines are available. A mathematical analysis 
has been made and an experimental investigation has been finished using duplex, 




4. Project,status: Danish reports on tne above ~entioned activities have 
been worked out and English versions are under way. More experiments are needed 
before significant conclusions can be drawn. 
5. Next steps: Experiments to be continued. 
6. Relation with other projects: Experiments will be designed to be 
.carried ~ut in the facility resulting from the project Pressure Testing Facility. 
· 7. Reference documents: RIS0-M-1842. Carste~ Engel: "Energetiske og 
kinetiske overvejelser vedr~rende revners bev~else 'over fasegr~nser". 
RIS"-M-1897, C.P. Debel: "Dynamisk Brudmekanik. Lipentiat-rapport". 
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Titre Pa.:r·s 
' FRANCE 
,Comportement :a l'irradiation des aciers .Cre\lsot-Loire 
'. pour cuves PWR. Orge."lisme directeur 
' 
· CEA/ DSN 
I 
'l'itre (angla.i~) ·crganisme e~ec~teur-
CEA•DTECR 
I Research programme on irradiation embrittlement of 
PFessure. vessel steels ' Responsable 
. 
··DSN/FAR. 
. .-DTECH I 
. ; 
( 
· .... -te de Et at a.ctuel Scientifiques 




Date prevue De.."":liere mise 
d'achevement 31/12/79 a jour 1/78 .. •, 
. 
' 
1 - Objectif general : 
Le·programme a pour but de determiner le comportement sous irradiation neutronique 
de··l' acier Creusot-Loire (type AS08 Cl3) utilise pour la fabrication des c•.1ves 
PWR du programme nucleaire fran~ais. · 
.C 
2 Objectifs particuliers : · 
Le,programme comporte essentiellament 
... Les mesures de 1KCV et ~T . 
-·Les mesures de K1d·sur petites eprouvettes 
- Les mesures- de J l c 
- Les mesures de K1c sur.grosses eprouvettes. 

























- ~ --- ~--· .. -----:- ~,. . .,. __ 
Inscallation• experime~talps et proaramme 
Les irradiations sont effectuees dans le reacteur experimental 'Ii.ITON 
(CEN - Fontenay-aux•Roses) 
: .. ..._....j.. ; 
~16!{ 
4- ~tat. de l'etude : 
o· 
0-
A) Le programme mis en oeuvre comporte d'une part un ensemble d'experiences des-
tinees a apprecier d'une maniere statistique le comportement sous irradiation 
d~s aciers de fabrication fran~aise et d'autre part, une serie d'experiences 
specifiques tendant a precise~ divers points particuliers : effet de la com-
position chimique, effet du flu."'< neutronique et de la temperatur.e. effe.t du 
recuit sur le durcissement par irradiation. 
Cette etude a permis de degager les points suivants 
L'abaissement des te~eurs en elements residuels'(P et Cu) permet de reduire 
la sensibilite a la fragilisation sous irradiation. 
- L'addition de nickel .au-dessus· de 0,8 % introduit une sensibilite supplem~n• 
taire a la fragilisation par irradiat~on, tout en etant benefique hors' irra-
diation pour l'amelioration de la tenaci~e et de- l'homogeneite des proprietes 
mecaniqu~s. 
Le decalage de la temperature de tr~nsition peut e·tre predit -de ~niire sure 
par la formula 4u Regulatory Guide 1.99 si la,teneur en·nickel reste faible 
(le decalage de la temperature de transition et le durcisseme.nt' sout bian 
correies). - ' ' 
-La restauration du durcissement par irradiation a 290°.C .. n'est sensible qu'au 
, dessus de 350°C.Une restauration complete ne s~ble possible qu'a~ dessus de 
400°C. 
L'ensemble des resultats obtenus est donne dans la reference (1). 
B~O~ ~ montre par ailleurs que de petites eprouvettes pouvaient etre utilisees 
avec succes pour mesurer la tenacite sous irradiation des aciers de cuve. En 
particulier les essais sur eprouvettes CHARPY prefissurees donnent une mesure 
~e K1 ~~qui peut etre consideree comme une bor_ne inferieure du ·K1 c du materiau 
~rrad~e. . -
On a ainsi lance en 1977 une. campagne d'irradiation sur differents aciers de 
cuv~ (Fessenheim 1, 2, Bugey 3) ainsi qu'une soudure de Fessenbeinl t' pour d!~er­
mi'Gler · les courbes de transitoire de K1 d. Les resu.ltats ont ete acquis en 1977 mais le depouillement complet des. essais ne sera termini que courant 1978. 
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. 5 - j'rochaines etapes 
Outre le depouillement des essais K1d,· il est egalement pr,vu en 1978 le depouil-. lement des mesures de J 1c:sur mater1aux'irradies avec eprouvettes de differences 
·tailles. 
7·- Documents de reference 
(1) "Etua:e- de la fr.agili.satio'a par .. iriadia.t:ion des aciers· de· cuve. tYP.e A. 508 C13 et 
A 533 Cll. Influence de la composition chimique_ ", . · · . 
P.PETREQUIN et P .SOULAT -
Colloque international de l'AIEA- 10-14 Oetobre 1977. 
/' 





































PrQpagation de fissures. de fatigue sur les materia.u.x 
de structure irradies. Crganisme directe~ 
CEA/DSN 
I 










. ,·Jate de Et at actuel Scienti:iques 
d&la.rrage 1/0l/76 en cours 
-· 
(DTECR-SiMA) 
Date 'pnvue Der:1iere mise 






. ·1 - O~jectif senera~ 
Le programme a pour but de mettre au point des methodeS de mesure de vitesse de 
i ' .propagation ·de fissure de fatigue sur _mitaux irradies. ~~ 
.L 
·2 - Objectifs par,ticuliers ~ 
Les--essais sont plus specialement executes sur les aciers des cuves pour r~acteurs 
_PWA. /" 
3 Installations experimentales et programme 
La machine de fatigue en cellule commandee en 1974 a ete operationnelle eu Septem-
bre 1976 sur.ma.teriaux irradies.En 1975,- l'irradiation d'ac:iers de cuve/a ete· 
lancee et leur exploitation a temperature ambiance a eu ~ieu au 2eme semestre 1976 • 













En 1977, la mise au point des essais de propagation de fissures a cbaud 
(~30 9C) a ete entreprise et une campagne d'irradiation a ete lancee •. 
5 - Prochaines etapes : 
\ 
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14 1-1 -06/4111-6-13 
.Titre . Pa.ys 
FRANCE 
I Compor~em~nt des aciers pour cuves . tenue a . 




' Titre (angla.is) Organise exec:uteur-
Research programme on irr1adiation embrittlemen.t 
CEA/D'IECR I 
of 





Sc:ientit"iques ' Ja.te de Et at a.c:tuel ' ,. 
daa.rrae;e .1/01/78 dema.rrage 
·. 
. . ' 
Date prevue Der:rl.ere mise . 




·1 -· Ob j ec tif general : t; .. 
. ' 
. L' Agence Internationale pour i' Energie Atomiq.ue (AIEA) organise uoq. programme 
coordonne d'irradiation d'aciers de cuves de reacteurs PWR. 
Il est prevu d'examiner dans au moins 5 pays le comportement a l'irradiation 
· de 2 aciers- fra~c;ais, 2 aciers .j ~ponais '. et 2 soudures. 
. 2 - Obj ectifs particuliers : 
' 
' il est prevu tout d'abord de fournir et caracteriser avant irradiation un 
acier et un joint soude.d'origine franc;aise qui seront irradies dans les 
differents pays. -
- - les aciers ,franc;ais' les aciers japonais et les soudures seront ensuite 





3 -_Installations experimentales : 


























4 - Eta t de 1' etude : . 
-'t'in 19J.7, une reunion organ1.see par 1' Agence a permis de preciser le programme, 
a savoir aciers proposes (tableau 1r, participants (tableau 2), et programme 
CEA (tableau 3); 
5 - Prochaines etapes 























• Denomination ,Produit 
A 533 n To le ep. 250 Ulm 
cl. 1 
A 508 Morccaux de virole 
cl. 3 f/J 5550 mnt ep. 290 nun 
A 533 n Tole e'p. 320 IlUll 
cl. I 
A 508 Debouchure de vi role 
cl. 3 f/JN400 IlUll ep. 21•0 mm 
Joint soude ep. 250 mm 
Fil . Kobc steel • 
Joint soude cp. 2110 nun · 
longueur 3500 D\11\ 
Joint sou de non precise 
Blocs 150 X 150 mm X epaisseur 
Fournisseur propose : a confirmer 
TABI.EAU I - ACIERS PROPOSES 
Nombre de blocs X Nombre de blocs X. 
-
Origine proposes ·demandes 
..... ~.-
Nippon Steel 
Corporation· . 46 10 
I 
Japan Steel Works 46 26 
. -
Harrcl Freres 50 .15 
. 
Framatome 3'• 24 
·+ matii~.re en stock 
Hitsubishi 18 11 
Ucavy Industries 
. 
Frumatome XX 18"- 20 12 
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I 6 l I 2 I ; . 5 2 19 1 
. 
-
2 6 1 4 2 .. 2- I 5 2 l 2 6 
3 2' l I I : 2 5 1 2 15 
-
4 2 l 4 2 3 2 5 2 I 2 24 
. . 
·s 3 I 2 I I 1 2 ll 
6 2 J 2 I 2 I 1 2 12 
7 2 1 4 I 3 . 2 I 2 16 
-
I 









- ·-•r ,---- ·------ -:•• ---'"¥ • -, • 
, 




























E E E (E) (E) 
E E (E) (E) 
E 






+emperature d 1 irradiation : 290 °C 
~I ... 3 a 4 1019 n/cm2 (E) 1 1-leV) 




E : vrevu dans la premiere phase (ava)lt 1900) (E) programme ulter1cur 
TABLEAU Ill - Progrnmme propose au CEA 

I 145-2 -02 11.2.1 
Titre Pays 
~CE 
EDGAR ZY : comportement des gaines en zircaloy 
au cours d'un accident de depressurisation. Orga.nis:ue directeur 
CEA /DgCS .. -: EDF /SEPTEN 
Titre (a.nglais) Organis:e exec~teur 
CEA/DMECN/D'rech 
EDGAR ZY . zircaloy cladding behaviour under loss . 




DTech - Saclay 
! .;e de. Etat actuel Scientitiques 






Date prevue Der:1i~re mise . 
d'acheve:!lent 12/80 
... . 




1 - Objectif general : 
c 
•-" . 
Determiner les parametres d'eclatement, vitesse de· deformation et_epaisseur de 
la couche oxydee des gaines en zircaloy des elements combustibles des reacteurs 
a eau sous pression, lorsqu'elles sont soumises a des variat~ons transitoires 
de temperature et de press.ion representatives d'un accident de perte_de ~alo­
porteur. 
2 - Objectifs particuliars 
- Verifier que ·le comportement des gaines permet le respect des· criteres de 
temperature et d'epaisseur oxydee maximales imposes par les organismes de 
surete. 
2 - Elaborer un modele de deformation de gaine udlisable dans les codes CUPIDON 
et DEMETER. 
3 - Contribuer a la qualification de ces codes • 
. . . / 
3 Installations experimentales et programme 
1- Pour les essais realises jusqu'a present, des gaines neuves ont-ete utilisees 
exclusivement, dans une installation du DTech-SR.~ a Saclay. Cette installa-
tion comporte un chauffase eh.& t.ube par effet Joule et uue pressurisation · 
interne programmables. Les essais peuvent etre rlalisls sous vide, ou sous une 
atmosphere externe inerte, ou bien de vapeur d'eau~ 
2 - Apres etude, un dispositif a~alogue est en cours de montage dans un~ cellule 
chaude du DTech-SECS (LECI) a Saclay en vue de l'etude complementaire du 
comportement d~ gaines preirradiees. 
4- Etat de l'etude : 
1 ) ~va:a~!!a~~-i.£!_i.2~ 
~ -La premiere phase du programme~ayant pour objet de verifier que les carac-
teristiques de deformation a pression et vitesse de chauffe constantes 
-sont en bon accord avec les resultats publies a l'etranger, est terminee. 
2 Des essais a vitesses de pressurisatio~ et de chaUffe programmees d'apres 
les resultats de calculs de thermohydraulique au cours d'un accident et 
sous vapeur d'eau ont ete realises, sans bouclage entre cal,cul et expe-
rience. 
3 - Un modele de deformation de gaine utilisable dans le code CUPIDON a ~te 
elabore. 
2) Resultats essentials 
------------......-
Les resultats obtenus ont ete generalises sous forme : 
- d'abaques donnant le temps de fluage necessaire pour atteindre une defor-
_.. .. \ mation donnee, dans des conditions de press·ion initiate et 'de vitesse 
~ de chauffage donnees. 
2 - de courbes maitresses de deformation en fonction de la contrainte pour 
des temperatures et vitessea de chauffage donnees. 
3 - d'une relation donnant la vitesse instantannee de deformation en fonc-
tion de la contrainte , de la temperature et de la vitesse de variation 




5 - Prochaines etapes : 
- Reprise des essais a vitesses de pressurisation et de chauffe programmees, 
avec bouclage entre le calcul et l'experience 
2 - Utilisation du dispositif experimental EDGAR comme l'un des moyens de 
qualification du code CUPIDON et, ulterieurement, du code D~~TER. 
3- Verification de l'influence de l'irradiation sur le comportement des gaines 
et, eventuellement, verification de l'influence de la presence de pastilles 
dans la gaine. En 1978, mise au point du dispositif en ceilule. chaude • 
6- Relation avec d'autres etudes : 
() 
Cette etude est en relation directe, d'une part avec l'analyse de surete des 
reacteurs a eau sous pression (verification du respect des criteres de surete) 
et d'autre part avec l'elaboration de modeles de deformation de gaine pour les 
codes de calcul (CUPIDON , DEMETER) et avec la qualification de ces deruiers. 
Elle doit, d'autre part, apporter une contribution a l'exploitation des resultats 
du programme PHEBUS. 
7 - Doccce~ts de reference : 
() 
Les prin~ipaux.resultats obtenus jusqu'a present ont ete publies a la reunion 
de specialistes du CSNI a SPATL."'D (Norvege) en sep.tembre 1976 : Comportement du 
gainage en zircaloy des elements combustibles des reacteurs a eau sous pression 
pendant un accident de refroidissement. Programme EDGAR. 




' 145-3 -01/4111-104 11.2.1 
Titre Peys 
FRANCE 
Comportement des lignes de tuyauteries lors d'un 
accident. Organisone dire.ctet:r 
CEA/DSN 
Titre (angla.is) Organis::1e executeur 
' CEA/DEMT 
-





'·Date de Etat a.ctuel Scienti:t.'iques 
' 
·~) 
· dema.rra.ge 1/03/77 en cours 
Date ... Dern..iere mise prevue 
d ' ache•re!lle!l.t 31/12/82 a jour 1.12.77 
- Objectif general : 
Le programme a pour but d'etudier le comportement des tuyauteries en cas de rup-
ture ( eau pressurisee ). Il concerne essentiellement les tuyauteries· de petit · 
diametre appartenant aux circuits auxiliaires • Les essais sqqt realises dans des 
conditions procbes de l!echelle reelle. 
2·- Objectifs particuliers 
Le programme comporte essentiellement, outre la mise au point du dispositif expe-
rimental : 
-La determination des criteres de fouettement._ 
·- La mesure des efforts de reaction. 
- La prise eri compte des interactions possibles. 
Le dimensionnement des supportages et autres limiteurs de debattement. 
La tenue des organes d'isolement. 
3 - Installations experimentales et programme 
Boucle HUREPOIX (CEN-SACLAY). 
. .. / 
.> 
) 
4- Etat de l'6tude : 
Actuellement seuls quelques essais ont ete realises. Ils avaient pour but essentfel 
de mettre au point le dispositif de rupture brutale de la tuyauterie, et les chaines 
de mesures associees. 
5 - Prochaines etapes 
Determination des c~iteres (fin 78) 
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The/aim of this research program.is to evaluate the possibility of 
using linear elastic fracture mechanics concepts to forecast the star 
, . . -
··t~ng of crack propagati~n in a ductile material. 
In the first phase it was developed a'theoretical work to evaluate 
the elastic stress field around the tip of the crack· (Ref. 1.2). After, 
several cylin~rical pressure vessels of diameter 100 + 2oo mm, 'thickness 
5 + 6 Flrn, '"~i th on axial through the thickness cracks of length 60 + 100 
mm, were butsted by internal pressure (Ref. 3.4.5). The results of this 
... 
·~experimental work demonstrated the possibility of using cylindrical 





pressure vessels, li~e those above mentioned, to determine the cri~ical 
parameters (K or COD) of the m~terial. 
c 
Not'l is·. under execution an experimental work devoted .to evaluate 
size. effect on the· determination of the critical p~rameter with the 
•. . .. 
method above indicated. 
Facilities used are a pressurization system with a manual pump for 
bursting test nt r'oom temperature, using oil, and an electric pump for 
bu~sting test at low temperature (-170 °C), using liq~id nitrogen. 
The research program 1\'U$ initiated \d th a research contract 1d th 
' \ 
the CNDN and now it is presented ~ith ~n analogy ~ontruct with the C~R~ 
....... --· --·~· - -··· .. ---. -· -·•' .. -· .. ·-·-· . - .... --· ·- ·-·· ·-·- .. -· ·-- - ... _ .. -· 
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1. C. CARMIGNANI, A. 'DEL PUGLIA ' 
Applicazioni di metodi di calcolo elettronico all'analisi d.el com-
portamento ~las~ico di · piastre rettangolari. contenenti una· fessura ·. 
pas'sante centrale',\ caricate no1·malmente a1 loro piano medio. 
Atti Ist. Mecc. Appl. •· Univ. PISA, n° 11 - Anno Ace. 1968-'69. 
2. C. CARlvliGNANI; A •. C~LLA 
El~stic analysis of cracked thin shells by the finite clement · 
method. 
st · 
.Proc. 1 SMIRT, Berlin, 1971, vol. S pp. 51+16. 
3. C. CARMIGNANI 
. Ricel'ca teorica e sperimentale sulla propagazionc delle rotture 
nci recipienti in pressione. 
At~i del Convegno Nucle~re di PISA, vol. 1, CNEN, 1971, pp. 279+319., 
~ 
4. C~ · CARHIGNANI, S. REALE 
ElAbornzipne dei ·1isultati della ricerca s~erimental~ su1la prop&g! 
zione dell~ rotturc nei recipienti in pressione. 
Atti Istituto. Impianti Nuc1eari'- Uniy. PISA. RP 153(73), 1973 • 
.. S. C. CARMIGNANI, P. CIBECCHI~I, S. REAL.B 
. - \ 
Car1.ttcrizzazione di un acciaio al Nichel per impieghi a bassa tern- ; 
peratura con i criteri della ~eccanica dclla frattura. 
Proc. 5th Int. Con£. on Exp~ Stress Analysis,.Udine, 1974, paper :is 
.. 










TNO - Metaalinstituut 
TITLE: Literatuurstudie: 
(l) Invloed van omgevingscondities op vermoeiings-
scheurgroei. 
(2) Invloed van veroudering op de mechanische.mate-
riaaleigenschaupen 
TITLE (ENGLISH LANGUAGE): Literature study: 
11£(3 
1. CLASSIFICATION: 1l. 2. l 
!'f. 
COUNTRY: THE NETHERLANDS 
SPONSOR: 
Minjstry of Social Affairs 
ORGANIZATION·: 
TNO-Metaalinstituut 
(J) Influence of Envir~nment on Fatigue crackgrowth.t--------------~ 
(2) Influence of aging on fracture related material PROJECTLEAOER: 
properties. H.J.~. van Rongen 
INITIATED :June ·1974 
STATUS ':completion 
General aim 
LAST UPDATING : May 1978 
COMPLETED : Oct. 1977 
SCIENTISTS : 
H.J.M. van Rongen 
G.H.G. Vaessen 
To improve the understanding of material behaviour during lifetime of nuclear 
vessels and other pressurized components as influenced by aquous environment 
and aging effects. A "state of the art" report will be submitted. 
Particulare objectives 
To review the knowledge in the areas 
• influence of· reactor coolant on fatigue crackgrowth in Lt-TR pressure vessels, 
with particular attention to chemical composition of the coolant, type of 
pressure vessel steel~ frequency, amplitude and threshold phenomena. 
Interpretation 'will be in fracture mechanics terminology. · 
• phenomena which deteriorate the fatigue and fracture related material para-
meters of nuclear grade pressure vessel steels, such as thermal aging and 
high strain aging. 
Experimental facilities and program: Not applicable 
Project status 
Progress to date: final report submitted on Oct. 21 1977. 
Relation with other projects: -
Reference documents: 
1. Embrittling/strengthening phenomena 
2. Environmental effects on fatigue crack growth in relation to nuclear reactor 
vessel steels under relevant conditions by H.J.M. van Rongeri and G.H.G. 
Vaessen. nr. 77M/93/09913/ROH/VAE/KAG/ROS. 
Degree of availability: 
Through the Ministry of Social Affairs, C.R.V., Postbus 69, Voorburg, 
The Netherlands. 
Budget: HFL. 50.000,--
Personnel: 2 scientists. 
AS THIS PROJECT IS TERMINATED, NO FORMAT tHLL BE 




~~N~IL~-•M•I~--TN-O._ ________________________________ -i __ c_L_A_ss_I_F_Ic_A_T_Io_N_·_·~~11~·~2~·~3 , 
TITLE : COUNTRY: THE NETHERLANDS 
Literatuurstudie van materiaalparameters die nodig SPONSOR: 
zijn bij de interpretatie van defect-localisatie Ministry of Social Affairs 
met AE-apparatuur. a8RG~~~AfloN: 
TITLE (ENGLISH LANGUAGE): 
'Literature survey of material parameters which are 
necessary for the diagnosis of defects localized 
w.i th AE techniques. 
INITIATED : Sept. 1974 LAST UPDATING : May 1978 








This particular survey is a preliminary study of effects to be included in an 
extensive $tudy which will be initiated in the future and which -can be 
. characterized as follows: 
"Evaluation of the practical application of Acoustical Emission (AE) techniques 
during construction, testing and operation of welded constructions, in particular 
pressurized components' to be used in the energy and process industry in order to 
improve safety, reliability a~d economic construction of components": 
Optimum utilization of AE-apparatus for defect localization and diagnosis is 
·only possible if sufficient data on the AE behaviour of constructural material 
are available (AE material parameters). This study comprises the use of AE 
material parameters for• nuclear vessels and their application to the diagnosis 
of defects localized in experiments. 
Particular Objectives 
Study and inventarization of AE research in literature. 
Visits to industry and institutes in the Netherlands. 
Experimental facilities and program: none 
.Project status: completed 
Next steps: 
Relation with other projects: see under General aim. 
Reference documents: NIL-lastechniek, 40e jaargang, no. 5, mei 1974. 
NIL-lastechniek '~Literatuurstudie betreffende de toepassing van akoestische 
emissietechniek bij materiaalonderzoek aan d.rukvatstalen" samengesteld door 
br. B.M. Boerstoe1 en Dr. ir. S.H. van den Brink, rapport nr. 77M/93/03465/BRI/KAG 
Degree of availability: Through Nederlands Instituut voor Lastechniek, Den Haag. 
Budget: Approx. Hfl. 30.000,--
Additional information: 
Survey has been executed and completed by Metaal Instituut TNO. 
AS THIS PROJECT IS TEIDiiNATED, NO FORMAT 
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reaotor pressure vesselsTo recortrj"so and. as§os§ roodes of falLure of, nuoLear
and other circuit conPonents.
Parti cular Obi ecti'ves
îo examine the'possibility of component defects 6roving to a criticà} size
as a result of reactor transi_entg' \
§qÊri$ê n t4 }*fgc i1i3-ie,F an{' P§gfügI:I'P
A nunbor of special purpose nachines have been assembLed, which pe:rrit- tÀpà":*"n" of âl:out L; in: section to be stress cycled and thei-mally cyelbd'
rrnder uell-controLled conditions.. 
i
P_loiect Sta tus
a) Cyack growth under thermal shock Load,ing. Crack propaçation-from shori
,initiat uusface defects has been monitored in specimens r'rhich under5o rcpeated
.su::face cooling sirocks o.f, between 100oC and 25@C, îhe crack rlrowth rates anô
'vary;Lng <le5rees of crack penetratlon into the material have been analysed.
uslng the basio elastlc and elastic-plastic crack groivtir êata derived uno.e.r
.s1nplo pusli-pu}l conciltions ün an earlier part of the pro6rardne. The tests
rare belng carried out'otr ttr'pcs 504 and 516 stai:rLess steel. fne'i.nfcrr,'lâtion
from tirese tests is bei:r6 used to ascess tire grouth of under-clad cracks as a
resul-t of .ço:rrice transients and the behavioui of defects in reactor ciLcuits'
Further testü will oxamins the grovth ôf cracks ln combineô therrraL andi
mechanisal }oading'sltuations and â nel, rig will impooe heating shocks pn to
cracked spccinons. I
.b) Fati6ue 
"r.;;-Srovrth 5:r presstrr" ,"u."I steeL. ThiI vork-pro*r"o*ui hu,
'nàw been extendod to oxamino the 6rowth of fatigue cracks at lou frequencyin A5t)-B steel in a sirnulateô reactor vater environrnent. ' Current test's are
at arnbient tenp;raiure and pressure. In particuLar the effects.of nean stress
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'ri tlc 2 Project Leader 
lnitiated C.:ompl'etcd : Soicntiato: 
Status : Last updating ,. ....... ., ... .. 
/ 
~---- ___ ............. - ----· .. 
----· -· -·-·· ... ._. -···--------
Descriution: 
enabling corrosion and fatigue mechanics erfects to be-correlated with crack 
opening modes. Furti':er work will attempt to define bounds on the accelerations 
in arowt~ rate produced. . 
. 
• t 
' Reference Documcn·iis 
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'ri tle 2. Pro ,j cc t Leader 
DR B TCt1KINS 
lnitia.tcd 1971 Gompletc<l : 1976 5,-cicntioto: 




r-------- -----··· - -~-· ..... .. .._____ -· .................... ···-· --·-·-------
. ~ 
1. General Aim 
2. 
To recor,nise and assess modes of failure of nuclear reaotor,press~e vessels. 
Particular Object'i~es 
To develop a \·Tay of producing a sharp 
critical crack length to be measured • 
crack in a component, to enable the 
). Exuerimental Facilities and Proc;amme 
A hiGh pressure technology exists at Springfields; steady p~essures of 1 
- 100,000 psi (6000 bar) may be employed and cycles of about half that mag-
nitude·. ·This has been applied to locally fatigue crack the base of a notch 






































'fi tlc -1 COUN'l'HY 
UNIT"iD :<ING:OOM 




Title 2 Project Le~der 
DR B TbMKINS 
lnitiated 1972 Completed : Scient ioto: 
Lns t u p<io. t in g 
// 
.... '.. .. .. . . "' ~ 





To recoenise and assess modes of failure of nuclear reaotor·pressure vessels. 
' ' ' 
Particular Objectives 
To measure the deformation in a thick cracked plate up to the point'of 
fracture. · 
Exnerimental Facilities and Yrogramme 
A rig has been constructed in which a high pressure (circa 3000 bar) mat be 
applied within a crack in the plate. 
The use of internal pressurisation means that fracture criteria in. tnick 
section material·can be studd.ed under well defined boundary conditions.· Direct 
surface strain measurement around the crack tip will be done and .fractography 
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Description 
1. General Aim 
To quantify critical crack length for use in decisions arising in inspection. 
2. Particular Objectives 
' To compare Krc and·COD correlations for failure qf intermediate-size.pressure 
1 vessels above valid Krc critical temperatures. 
3·· Experimental Faci~ies and Proa;amme 
-
The test vessels are 5' dia and 12' lonE~:• Thicknesses to date, 111 and 3"• 
Currently ·defects (partial and full thickness) are placed in the membrane' 
regions. 
4. Project Status 
InvestiGation of the factors Governing cyclic crack growth and fracture in 
pressure vessel steels is continuing. Three t'ests have been com-oleted ill a 
.. series on a 3" thick x 5 • dia vessel to investigate the effect of p~ate 
thickness. .The tests were made at temperatures of 84 and 10oc corresponding 
to the w'•ole of the ductile/brittle transition range~, Relationships bet\.,reen 
small scale fracture toughness test pieces out from the vessels and vessel 
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To apply fracture mechanics concepts for assessing structural integrity 
of pressure retaining components. . 
Particular Objectives 
i to inv~stignte relationships between small scale fracture .toughness 
tests and full scale experimental pressure vessel tests, 
' ii to assess the applicability of COD and J data a.t temperatures where 
LEFM methods are invalid. I 
iii to determine the effect on fatigue crack growth rate of mixed mode 
(I( I I') loading. 
iv to develop a laboratory test to examine factors influencing crack. 
initiation (and arrest) under thermally induced shock loading. 
Experimental Facilitie~ 
Equipment for failure tests on 1.5m dia x }6.5m long x 75mm thick pressure 
vessels. Laboratory test equipment of up to 1000 KN (static)/500 KN 
(dynamic) capaci~y~ . 
Project Status , 
1 i tests on 1.5m dia pressure vessels qontaining partial thicknessj and 
· full thickness defects lmve been completed. Fracture toughness data from 
small scale fracture mechanics test pieces are being compared with ~essel 
failure data. , 
• . • I 
ii the influence of test pieoe geometry (bend vs tension) on COD and J 
.. haa been assessed usins HY1'0 steel. The programme is being repeated using 
A533B stoel. Pnrticular attention is focussed on measurement·of initiation 
toughness and its .relevance to plant operation in the upper shelf regime. 
' 
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iii tests are in progress using angle notched centre ctacked plates 
and modified compact tension tes.t pieces to establish the influence of _ 
shear loading on .fatigue crflck growth rates. Test specimens ar~ 12 • .5 and 
25mm thick low alloy pressure vessel steel. , 
iv the essential features of thermal shock induced crack initiation and· 
arrest' are being studied by applying a known thermal shock to statically 
loaded thTee point bend .test pioces. Prelimiflary calculat'ipna·.bave'been 
made and a series of test piece's are being prepared. • .. 
Reference Documents 
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Vorhaben/Project Title Land/Country 
Untersuchung zur Zeitfestigkei:t im zweiachsi- FRG 




Study on the finite fatigue strength in l Fried. Krupp GrnbH a ; 
biaxial stress system subjected to purely Krupp Forschungs-
tensile and compressiv.e loading institut 
Arbeitsbagirm/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1 • 5. 77 30.4.79 Dipl.-Ing. Spandick 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Continuing Dec. 31, 1977 247.281,-- DM , 
' 
. General 
The codes of practice for the design of pressure vessels permit the 
yield point to be exceeded considerably, in the case of secondary 
stresses. Pressure vessel components are therefore often to be de-
signed £or finite fatigue strength. In doing so, multi-axial cyclic 
. 
thermal deformations, partly or·even ful,ly prevented, must be allowed 
, for up to the, plastic range. The design practice according to the 
AS.f'.~E code is based on uni-axial, mechanical tests and uses high 
safety margins. Theoretical studies known from literature give rise 
to serious doubts as to whether it is admissible -
I 
- to compare multi-axial loads in the higher temperature range with 
I 
uni-axial loads via the reference stress, e.g. according t6 v. 
Mises, and 
) to treat thermal cycles merely as mechanical cycles at an equiva-
lent temperature. 
For safety reasons it is therefore necessary to more closely investi-
gate the loading limits for the materials in ~uestion. 
2. Objectives 
In order to obtain experimental data in support of the design of 
. pressure vessel compo~ents subjected to thermal multi-axial cycles 
loading this research project provides for thermal biaxia~-load­
cycle-tests to be carried out on selected materials. In these tests 
the fatigue life as a function of the restrained deformations is to 
be determined. Furthermore, the stress-strain curve is to pe plotted 
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3. Test program 
I 
As set forth in the-application the research project centers on the 




Evaluation of publications on recent work in the field of 
low-cycle fatigue throughout the term of the project. 
Design and manufacture of suitable test facilities sp:ecially 
adapted to meet the project objectives. 
Establishing the testing procedure 
Testing 
3.4.1. Tests on the .material TTStE 29 
Heating to 200 °c, 300 °C, AOO °C, 500 °c, holding .time 0 min., 
cooling to approx. 50 °c. 
3.4.2. Tests on the material No. 4541 (stainless steel) like 3.4.1. 
3.4.3. Tests on the material No. 4948 (stainless steel) like 3.4.1., 
I 
however, only for·one temperature cycle 
· 3. 4. 4. For comparison purposes specimens of the thre.e above-mentioned 
materials will ,be ·subjected to mechanical uni-axial cycles at 
a maximum defo~matio.n of 5 ° /oo, a constant·· testing tempera-
ture of 300 °c and a holding time of o·min .. 
.3.4.5. Tests as. under 3.4.4. but with a holding time of 20 min. 
3.5 .. Evaluation of the individual test results. 
/ 
•' 
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- 4. Test facilities, EDP programs 
\ 
. '·· I 
_) 
' 
The following testing equipment was installed: 
The test disc is constrained by a heavy water-cooled ring which 
largely prevents any thermal deformation. The d·isc is heated on both 
·sides by electric radiating elements. The latter can be electromotive-
ly retracted for cooling of the disc. A cycle time of 5·- 10 minis 
reached. The heating coils of the radiating elements are suitably 
arranged to. ensure an approximately constant temperature over ~he -
disc. The temperature distribution is measured by means of thermo-
couples. Temperature-compens~ted high-temperature strain gauges are 
.used to .. measure the restrained deformations. 
'1 3 
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The following publications touching on the"project have been evalu-
ated: 
F.nalysi:s. of biaxial-fatigue damage at elevated tempe-ratures, 
S.Y. Zamrik and O.G. Bilir (Pennsylvania State University) 
.Fatigue strength under superposed biaxial static loading,·E. El-
Magd and.S. Mielke (R~~H Aachen) 
Testing of welded joints of different steels for thermal fa,tigue, · , ·· 
. ' 
N.M. Korolev, Y.u. A. B1ftov and A. K. Kovyazin (Moskow) 
Because of the parameters used for ~hese tes~s (either the yield 
point was intentionally not exceeded or the temperature wa~ left ou~ 
·of consideration, etc.) the results cannot be readily compared· with 
those that are to be obtained from the project under consideration. 
At the VDI conference on "the Behaviour of Thermally Stressed Z.1ateri-
, 
als and Components" held in Munich on November 24 and 2s, the ob-
jectives .of this project RS 26.2 mentioned under items 1 and 2 were 
cited as being a very difficult, as well as necessary task. Then 
many machines and apparatu.s are likely to ·fail under the therJ!lal 
() loading cond.i tions involved. In spite of the great number of 
.excellent investigations already carrieCi out successfully, we are 
still far from making reliable predictions of thermal fatigue life. 
The principal methods for computing the damage have been presented: 
.. 
the method of linear superposition of creep- and oscillate-damage 
according to.Taira 
the extension of the Coffin-Manson rule to influences of frequency 
by Coffin· 
- . the subdivided strain-area-method by Manson·, Halford and -
Hirschberg. 
Unfortunately, the formulations given for computation only contain 
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by suitable thermal tests. Low-cycle-fatigue experiments simulating 
actual service conditions are therefore necessary before the theo-
retical work can be continued. 
ad 3.2. 
The testing equipment described under 4 was designed and built. A 
test disc fitted with thermo-couples was •used to adju-st t~e equip-
ment so as to ensure optimum heating and cooling of the specimens. 
The temperature·obtained for each disc centre temperature are shown 
in item 6 of this report. 
ad 3.3. 
rhe test procedure was established and suitable forms prepared. 
ad 3.4.1 
The first test disc made of the material TTStE 29 was fitted with 
thermo-couples and strain gauges in accordance with the ~easuring 
point chart. Cyclic testing was started between the temperature 
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6. Results 
The ~ketch shows the test "disc with its thermo-couples, which was 
~sed to adjust the equipment to optimum heatipg and cooling con-
di tj.ons. The temperature d.istribution over· the disc is shown for 
I 
each disc centre limit t~mperature. 
,4,. trcJ 
.-
temperatu.re.;.distribution for the above limit 





500 -{---· --~· /:,__.__+---1--1-'1--+.-:-~.,......:.·~- ,_ -
/ , '1 400°6\ 
-
t.OO -r-:------hff-/;-~-t.......,_-1-++--+-_.,._~+--""~\ 
f! I 300°C .~ 








1.v l \ ~ 
1 00 --r--_ -. ---11 /~'1-t-t-t---+---t+-l----+--+---1--.JU\ ' 
-
-~~ ! ~~t-- I 
0 --r----'---~-~...t.--J---:--!-~I..l..--4---L...-l-..J...J-.L.---l....,. ~~ ·. t-e---rctJ:::J..~s~a====~:tJrzt.:ooao===~==;:;;;;:=========:::::;;;---t - I 
- C/J3oo· q> 335 .. I -- -~-
' 
rr=_ . . -~.~2p_o_...,.,..,_ ~2so •. .. I 
I I ~~~ i 
1 -~ ~ / 1 . ~~//_/j/ 
U') :// ,~ : .. ~, ,, ,. . u I . V // ~ 
en ·w~~ 7~/- LLTJ-,<+",L,4-hL,L-~-~ 
~-----------------~-5_0_0 __ -_-_-_-_.:.':_._'P_3_.10:.,_-_-_-_-_-_-_-_.:.._-_-:_ ___ ....J 



















1- • '' ',, 
,I •. ·' 
,, ,!•> ,' . ~ 
I 





l : ' I 
f 





























r ' I I 
~ 
. \ ) 
t 





! ' ' ! ~ f ' _; 
lt,. :- ~ 
. ..- ·i 
. i 




1 • 5. - 31 • 1 2. 77 
7 . .Further work planned 
ad 3.1. 
.... 
- 7 - RS 262 
Evaluation of any new publications concerning this project. 
ad· 3. 4. / 
Continuing the cyclic loading between 50 °c and 300 °c. On completion 
of this cycle, carrying out the next test .at the limit ·temperatures 
mentioned in the ,test program (see item 3). 
ad 3.4.4. and 3.4.5. 
Uni-axial tests intended for comparison purposes will be prepared 
and commenced concurrently wi~h the disc tests. 
8. Relations to other projects 
The Interatom Company intends to carry out uni-axial mechanical 
cycl1c loading tests at constant temperatures on the ferritic 
material 10 Cr l-10 9 10 (Nb-stabilized) and the austenitic material 
' X 6 er Ni 18 11 (No. 1·. 4 948) . Similar tests are to be carried out 
at the Jtilich Nuclear Research Centre on materials· retain~ng high 
strength at elevated temperatures. During the performance of the 
project a discussion of the results is provided. 
9. Li,terature 
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Leader 
Clarification of the influence of different states of nominal 





tions and in. conventional. specimens, on the fracture behaviour of '· ; 
material with defects. In usual .specimens, an uni-axial state of 
nominal stress is produced, but in pressurized components a 
multiaxial state of nominal stresses occurs. Such components are 
. . 
the cylindrical parts,and the bottoms of pressure vessels, con~ 
I 
tainments and pressurized pipes under tension and momentum load. 
The induced principal stresses in such structures should be 
simulated in test specimens, neglecting the influence of radial 
stresses. The effect of defects on th~ local stress distri-
butions should be-analyzed and ·their inflUence on the ·fracture 
. (_ behaviour in dependence or· the nominal stress stat~ should be 
evaluated. 
2. Particular Objective~ 
'2 .1 Development of test specimens 
in which states of nominal stresses can be simulated as they 
·might occur in pressurized components ·or nuclear power stations 
by means of a FEM-stress analysis. 
2.2 Analysis or local states of stresses 
near defects, esp·eoially analysis of the K-factors' and J-values 
in dependence of the nominal stress state by means or numerical 
and experimental procedures. Elastic and elast;c-plastic ma- . 
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2.:; Test performance 
on specimens with defined defects in·depend.ence or temperature 
and under a nominal stress state as it occurs in components. 
Comparison of thes~ results with those on· conventional uni---
• • t I· 
-axial stressed specimens including f~acture mechanics tests. 
- . Cleavage fracture, ductile fracture and fatigue crack propa-
, 
gation should be considered. The results should be represented 
in dependence of the nominal stress state. 
2.4 Development of transposition criterias 
for characteristics of fracture, crack propagation and critical 
~) temperatures from one stress state to ariother stress ·state. 
Research Program 




3.1.1 Development of the speci·mens shape and ~he shape of the joints·, 
. ' 
taking into consideration ~he experien~es of pretests which 
were performed on our own account. 
' 
' · 3.1.2_Evaluation of Kr- and Jr·value~, if possible; 
Evalua~ion ofaij(r, cp .. z) 
for the' state of small scale yielding and general yield as .far 
as financial means are available. 
Investigation of Fracture Behaviour 
3·3·1 Specimeh.with cracks 
should be investigated for. clarification of the influence on 
the fracture behaviour under different states of nominal 
stresses.· 
3.3.2 Conventd.onal specimens 
should be investigated in addition to determi'na.te the basic 
mechanical properties such as yield strength in dependence ·or 
temperature, the cleavage fracture strength and so on. 
I' 
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3.4 Transposition concept 
should be tried on the basis or results under 3.2 in combi-
nation with the fracture hypotheses. 
4. Experimental Facilities and Computer Codes 
4.1 Specimen Development 
The stress analysis s.hould be performed by the FE-progratns or __ _ 
the SAP-family# especially NONSAP and the advanced development 
ADINA. The MARC-CDC-program is not regarded for the time being 
owing to reasons or too high costs. 
. 4.2 Evaluation or a ij (r# cp# z) 
The elastic-plastic stress analysis should be performed by the 
NONSAP-FE-program. Additio~al possibilities should beconsidered. 
4.3 Investigation of.Fracture Behaviou~· 
For cooling ciown the big specimens, a special cooling device 
is necessary. Experience in this field is available, however# 
the detailed development of the device cannot be startedbefore 
a clarification of the specimen geometry is reached, even so 
the scientific instrumentation plan needs clarification of the 
specimen geometry • 
4.4 Concept of Transposition • 
5· Progress to Date 
5.1 Development of Test Specimens 
Prelimi·nary work for the use of the FE-programs of the SAP-
family and the own development of additional programs were 
performed for the application on machines of.types TR 440, CD 
6500 and CYBER 175 which have be used by BAM. Elastic stress 
analysises were done for several specimen geometries of disks 
and 'plates. Cooperation with the sec.tion "Statio of Building 
Structures" of the Technical University of Berlin has been 
started with the aim to perform stress analysises in the 
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ADINA-FEM-program • 
. Evaluation of a.ij (r, cp, z) 
For the evaluation of stresses and deformations near 
as well as for the evaluation of Kic· and J Ic values·, 





FE-programs, special crack elements and methods £or the determi-
nation of fracture mechanics values have been .started by con- --/ 
tacting other research institutes in Western Germany. 
Investigation of Fracture Behaviour 
~teel 20 MnMoNi 5 5 has· been ordered. The material is already 
cast~d and partly forged. It should be delivered as soon as the · 
specimen geometry is finally fixed. 
Tests were carried out on specimens of the pretests (see fig •. 1 
and 2 ). prepared with double-edge notches" of 5 mm radiu~ in the 
center .line of· the specimen.· The strains in the notch tips were 
measu~ed during loading at room.temperature. Plastic zone sizes 
should be determined by mioro .hardness tests and metallographi-
cal methods. 
Concept of Transposition 
Results 
Specimen Development 
The results of FEM-oalculations for specimens·without.crack and 
for elastic material behaviour demonstrate that plate-shaped 
specimens have advantages in comparison with disk-shaped 
specimens, especially ~f the loading capacity of the testing 
device to be used is considered. 
Evaluation of a ij (r, cp, z) 
Review of literature and experience exchange with other re-
search institutes'demonstrate the possibility to use isopara-
metric finite elements (2D, 3D) for simulating the influence 
of qracks on the stress-deformation distribution in specimens 
,J 
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or in struotures. This oan be done in prinoiple by the NONSAP/ 
ADINA-FE-program.tor elastic material behaviour as well as tor 
elastic-plastic material behaviour. 
Investigation of Fraoture Behaviour 
., Tests on specimens· of the pretests demonstrate that even at 
room temperature higher stresses azz parallel to the notch tip 
are induced in the type 2 spec~men (see fig. 2) than in the 
type 1 specimen (see fig. 1) under the same net stress. In the 
type 2 specimen tensil-e deformations' (dezz> 0) are observed in 
the notch tip~p to high nominal stresses, but in the type 1 
I 
specimen under the same test conditions compression strains 
(d& < 0) in the notch tip already-occu~ at the beginning of 
zz . ' 
loading. So it follows: Full constraint cannot operate near the 
notch tip in a notch of 5 mm radius and therefore plane strain 
conditions could not be reached in the type 1 specimen (de:zz<O). 
A nominal stress,parallel to the notch tip as induced in the 
type 2 specimen however influences the deformation behaviour in 
the notch tip so as dezz>O can be reached even under high net 
stresses (type 2 specimen). 
6.4 Concept of Transposition 
.... ) 7. Next Steps 
7.1 Specimen Development 
Further FEM-calculations for determination.of the optimal 
specimen geometry by comparison with the results for ~lates 
and disks and taking additionally into account the loss of 
rigidity by the crack and the possible inaccuracy owing to the 
force initiation. 
7.2 Evaluation of aij(r, ~~ z) 
Preparation and testing of the NONSAP/ADINA-program withfooused 
isoparametric elements for elastic material behaviour. 
7.3 Investigation of. the Fracture Behaviour 
;,:, Ordering of offers fori machining of specimens. Test·s on models 
' 01.08.77 6 - RS 0275 
9· 
) 10. 
of the final specimen shape fo.r .comparison with results of no-
minal stresses, evaluated and determin.ed· by tests. Checking or 
the influence of inaccuracies produced by,the force initiation. 
Concept of Transposition·· 
Relation with other Projects 
Li te.ra ture 
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Title 1 i 
· I COUNTRY Dei)mark 
s~ndingsanalyse·af pri~re tryk~rende stalkomponenter: 
Sammenligning mellem beregnede og .malte t~jninger og 
s~ndinger i en BWR pumpestuts. 
I · Ris~ N~tio-SPONSOR nal Lab. 
I ORGANIZATION Ri S(l} 
tNational Lab. 
Title 2 
Stress analysis of primary steelcomponents: 
A comparison between calculated and measured stress 













s. I. Andersen 
1. General aim. ·The purpose of the project is to establish the accuracy, which 
can be obtained by stress analysis of a complicated pressure vessel component 
and to determine the degree of sophistication, required in such calculations. 
2. Particula~ objectives. The pump nozzle in a BWR-steel pressure vessel 1has been 
chosen as 1object for· this investigation. The nozzle is located in the transition 
zone between the spherical bottom head and the cylindrical vessel-part. The noz-
l 
zle axis is parallel to the centerline of the vessel. 
3. Experi'mental facilities and programme. During the manufacturers hydrotest 
of the vessel, strain measurements has been perform~d on the pump no~zle. 
4. Project status 
~~±~-~E~2!~~~-E~-~~E~ A 3-dimensional finite element model of the nozzle has 
been generated, and 3 load cases run: hydrotest, stresses due to stationary 
temperatures, and stresses during normal operation conditions. Besides, the 
e·xperimental program, i.e. strain measurements, has been performed. 
4.2. Essential results The stresses and strains due to the interna+ pressure 
----------------------has been obtained, and both calculated and measured v~lues are shown to be in 





tions (2 D) has been compared to the 3~ and 'experimental results. 
I 
5. Next steps 
None 
I 
6·. Relations with other grojects The work is related. to 
1) Ris9S investigations of the ,v~lidation of structural computer codes 
1
, 
2) Ris~ work on the safety of primary pressure system. 
7. Reference documents 
[1] S~I. Andersen, J. Reynen, P. Engbaek: 
"Stress Analysis of a Main circulation Pump Nozzle". 
Ris~-TPM-76/1 1 Jan. 1976. 
[2] S.I. Andersen, T. Henriksson, J. Reynen: 
"Stress Analysis of a MCP Pressure Vessel_ Nozz;e". 
Paper' G 8/4' at the 4th Int. Conf. on 
' Structural Mech. in Reactor Techn.,San Francisco 1977. 
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" Mesure d'une caracteristique d'arret de fissure dans 
les aciers pour cuves de reac.teurs. Orga:jlisme directet:.r 
CEA/DSN 
' Titre ( a:gla.is ) OrganiSl:le executet.U:' 
CEA/DTECH 




1ate de Etat actuel Scienti:f'iques 
! 
_, ' . 
a.e::12rrage 01./01/~~ ·.:demanage 
·-
(DTECR-SBMA) 
Date -orevue . Der::tiere mise 
d'a.ch~ve:tent 01/01/81 a jour 01/01/78 
' 
'I - Objectif general-
Le prograwme propose a pour but d'etudier les conditions mec.aniques et metallur-
g!ques qui conduisent a 11 arret d' une... fissure en cours de propagation. 
· '·· ... ·- Objectifs particuliers :. 
4 
Le programme concerne essentiellement les aciers pour cuves de reac.teJrs 'PWR~ 
La·premiere phase de ·l'etude consiste en une revue bibliographique et la mise 
· au point de methodes d' essais. 1 
Principales etapes 
( 
1978 Etude bibliographique 
Definition de l'appareillage 
1979 Mise au point des essais 
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Water reactor 11.2.3. (' 
Emission Acoustique . Belgium 
\ 
I IRSIA 




In progress L. JACQUES -:-HOUSSA 
I w. SYS 
1. General. aim 
Analysis of the diagnosis capabilities of wlti-channels acoustic emission 
(AE) systems used for monitoring of proof tests of pressure vessels. 
2. Particular objectives 
Study of the correlation between the AE signal characteristics and the 
initiation and the development of cracks in welded products. 
3. Experimental facilities and program 
AE monitoring of 
- tensile tests of 5 1000 x 600 x 20 mm stee.l specimens at room an-d 
- 20°C temperature 
.. tensile tests of 20 1000 x 800 -x 50 ~~.Jl steel specimen~ at. room and 
- 20~C temperature 
I (the specimens contain different kind of stress raisers including weld 
defects) 
- 2 large _pressure vessel,s. 
The facilities include : 
- a 8 M Newton tensile machine 
- a 60 M Newton tensile machine 
- a computarized 24 channels AE system fitted with 6 transient recorders 
for waveform analysis (FFT, ••• ) 





































4. Project sta;us 
Spe~ification and acquisition of the AE system. 




Diagnosi.s.abilities of acoustic. emission mltichannel systems : experimental 
set "'Up. 
P. CAUSSIN, L. JACQUES-HOUSSA, W.SYS. 
Proceedings of the Institut-e of Acoustic, Conference on Fundamental Aspects, 
and applications of A.E., London, December 20-21, 1976. 
6. Co-operation 
This program is conducted in co-operation with the Laboratory for the 
Strength of Materials, Gh~nt University. 
7. Availabi 1i tr 
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Contr6le ultrasonore des aciers Belgium 
austenitiques 
Ultrasonic testing of auste- Association Vin~otte 
nitic steels 
P. CAPSSIN 1 
' 1973 J. CERMAK 
In progress 
1. Genera 1 aim 
Improvement of the capability of ultrasonic testing austenitic'stainless 
steel structuljes, including welds and castings. 
2. Particular objectives 
Development of a technique complying with the ASME code requirements for the 
inspection of pressure vessels and piping systems of nuclear instaliations • 
3. Experimental facilities and programme 
Development of focused~longitudinal wave angle probes and of procedures for 
applying them. 
Facilities are ava,ilable for manufacturing anc characterizing the probes. 
The performances are tested on different kinds of welded blocks and castings. 
4. Project status 
14 probes with refracted angles between 45 and 70 degrees.have been developed 
and are used for inspecting in the field specimens from 20 up to lOO mm thick. 
The structures inspected include pipe welds, safe-end welds 1 castings>etc. 
In that thickness range forgings, plates, statically and centrifugally 
cast pieces, etc. are inspected in compliance with the AS}m code. 
Procedures have been developed for the inspection of those· items and also for 




5. Next steps 
Developments are still necessary to improve the inspectability of heavy 
castings up to 200 mm in thickness. 
6. References 
Ultrasonic testing of austenitic steel castings and welds 
J.P. PELSENEER, G. LOUIS 
'Br. J. of NDT, July 1974, pp.l07 -113. 
\ 
Ultrasonic testing of austenitic stainless steel structures. 
P. CAussm 
Association Vin~otte report· to the OECD-CSNI l-1orking Group on Mechanical and 
Material Problems relating to Safety Aspects of Steel _Components in Nuclear 
Plants, revision 1, October 18, 1976, 15 p. 
7 .• Availability : 
Details available at 
ASSOCIATION VINCOTTE 
D~partement Etudes ., 
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Aco·us tical holography - laboratory and Munch en 
application tests with the Holscan 200 
2 IzfP, Saarbrlick.en · -
Arbeitsbeginn/lnitiated Arbeitsende/Completed Leiter des VorhabensiProject Leade~ 
1.8.1975 nr· V Schmit2 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilllgte Mittel/Funds 
.Completed . Dec. 3'1) 1977 DN 626.100,--
1. General Aim 
In non-destructive testing of nuclear power plants one of the 
main aims is to get an identical three-dimensional picture of 
flaws, respectively of critical fault areas. An exact knoW-
ledge of these flaws is necessary to determine the influence 
on the stability or safety of these components. 
I 
2. Particular Obje9tives 
The acoustical holography links the conventional method of 
pulse-echo through-tr.ansmission or tandem method with the . 
I ~ 
imaging capability o.f optical holography. In determini~g 
amplitudes and.phases of the flaw echo it is possible to image 
inhomogeneities like flaws, cracks, segregations or shrink 
holes. \ve are engage! in determining artificial or natural 
flaws in thick-walled ferritic or austenitic materials or 
interfaces between them like claddings, ~oth in laboratory.and 
in the field. 
3. Research Program 
3.1. Investigation of the mathematical methods in creating a holo-
gram and in reproducing the picture of the flaws. 
' . 
3.2. Experiments on specimens with artificial flaws, varying fre-
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Experimental Facilities, Computer Codes 
From the methodological point of view ultrasonic holography . · 
is better suited to the examination of thick-walled materials 
as it works in the far-field length of a focal probe. It is 
possible to use piezoelectric transducers with water-coupling 
.. 
or in contact technique and electromagnetoacoustic transducers. 
After emitting a.spherical wave the reflected 'ultrasound is 
detected. To conservate the information·of the phase, too, 
a coherent phase-shifted reference signal·is superimposed. 
This is realized in the holographic equipment Holscan 200. By 
scanning rectilinearly the surface of the inspected components 
the holographic signal ~s written on a storage oscilloscope in 
a manner that follows the transducer motion. The hologram is 
then placed in th~ optical processor to reconstruct the imag~. 
Progress to Date 
The qualify of the image depends on the axial and lateral 
resoluti-on. The lateral resolution of, holography is determined 
by, the resolution of the focal probe. To get a good resolu~ion 
the focal length should be short, the diameter big and the 
testing frequency high. The practically available resolution 
' ' . corresponds to _one wavelength. This mea."'ls !laws separated by 
at least one wavelength can be resolved in the image indepen-
dent of the flaw d~pth. The ax~al resolution is not good. The 
·dete~ination of the flaw depth should be measured by ~etet­
mining the time of flight between the surface pulse and the · 
flaw echo. This can be done with extremely high accuracy. 1· 
The size of ~he image depends upon the wavelength and the 
depth. The deeper the flaw the_smaller the _image. 
' . I 
It is possible to investigate the whole depth of the material 
in only one hologram. Flaws in different depth can be imaged 
l 
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6. 
noise ratio it is somet~rnes better to gate the signal and to 
investigate smaller zones of the specimen. Natur~lly the in-
spection time incr~ases. For the investigation of very·big 
plates or rods, for instance 500 mm~ it is possible to use 
probes with focal length of about 600 ~ and to lay the focus 
into the interior of the material. The real distance of the 
· flaw is now· the distance to the focal plane and not to the 
surface of the specimen. 
The application of-~he holographic method until now is limited 
to the inspection of pieces with plane or nearly plane surfaces. 
Very important is that the opening angle of the probes should 
be large vice versa the flaws and that the.flaw should be 
large vice versa the wavelength. If this is sure you get an 
excellent picture qf the flaw in lateral direction. To de~ermine 
the extension of the flaw in axial direction you.have to pro~ 
' duce more than one hologram out of different directions. 
\ ' 
The time needed for a hologram is d~termi.ned by 
1
the scan-
velocity of the probe~ A mean value is about 15 minutes for 
an aperture of 150 mm x 150 mm. This time can b~ drastically 
diminuished by using arrays with electronical switching the 
·elements, one of our future efforts. 
The quality of the reconstruction depends upon the quality of· 
the surface roughness. A roughness of claddings of about 0,1 mm 
does not allow good images. By diminuishing the ·surfaca rough-
ness to o.ooS mm the influence of the remaining cladding and 




All experiments have.shown that the equipment has a high tech-
nical standard •. The ultrasonic holography .has shown that it is 
the most promising method of testing thick walls. Problems 
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' 
· tec::hnol~gy of the fluid filled c::aupler should be improved or· 
, I \ I 
~eplaced by.probes in contact technique. The scanner has shown . 
to be very reliable, but· there is a need for a smaller one for 
analysing cracks or flaws in welded regions_which are-situated 
in complicated or narrow places. 
7. N~xt steps 
The potential development lies in the replacement of the 
optical processing by a numerical processing sche~e. Then the 
information of the amplitudes and phases must not be combined 
in intensities but can be in~ependently fed into a computer. 
The reconstruction i's done numerically and can· be presented on 
1 monitor or plotter. The mathematical treatment allows the 
expansion of application to curved surfaces, the improvement 
of the quality of the pict.ures and an easier handling of the · 
measurement of shape, geometry and flaw location. 
In 1978 our main effort lies on the systematic investigation 
of the two-~imen~ional numerical reconstruction, both in 
laboratory and in practical field application. 
. 8. Relations with other projects: none 
:) .-.9_. __ R_e_f_e_r_e_n_c_e_s_ 
I I 
A survey of about 350 references is given in a technical·report 
(Izfp No. 770418). Most of the experiments cited above are 
I . 
discussed in th~ technical repqrt Izfp No. 770533. 
' 10. Degree of Availability of the. Reports 
I by GRS, Glockengasse ·2, 5000 Koln 1~ 
(' 
~. 1, • -
.L .. : 
,: ; ' 
l ·.I 
! . j 
t' ·(, 
t. : 
L . :, 










' ,, ,, 
I. " ',- ~ ·' . '': .:: . . l t, ,,, .~ 
\.. 1 
DetiCht8ieitraY11'11Ptti(ICJ Kll'\llfi~IIICii\/CIIillllfiOaiiOr'l l . 3 
Ktnrllfli!ll'ltri/Pr()jeQt Number 
n1 n1 .. ~1 12 19'17 RS 1_12_ 
Vorhaben/Project Title Land/Country 
FRG DurchfUhrung von Untersuchungen zur RiBerkennung an 




Crack detection in pressurized vessels and reactor technik der T.U. Hannover 
components by optical holography 
r.866 i ~str. · 36 3 annover 1 
Arbeitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project ·Leader 
July 1974 June 1978 Prof. Or.- I n_g_, F Mavinaer 






December 1977 627.600,00 D~~ 
General aim. 
The aim of the activities is'to develop a quick and reliable optical 
method in order to detect cracks in re~ctor components during·fabrica-
tion and ·later in repeating tests. 
Particular objectives 
In the last few:years a new nondestructive technique- holographic in-
terferometry- was devevoped by which material defects ar~ detect'able. 
Up to now it was, however, only used for nonmetallic' components. 
Our aim is to.apply this technique also for the testing of steel. The 
special objective of this investigation is to detect cracks in or near 
' ' 
the .surface of pressure vessels using surface waves which are recorded 
double-pulse holography • 
. Research program 
At first, basic experiments with .test pieces of simple geometrit shape 
were made. The aim of these preliminary experiments was .to find out the 
smallest crack that can be measured with holographic interferometry in 
connexion with the impact excitation of the test pieces. The indication 
of cracks is influenced by various parameters: 
1. crack-parameters (~hap~, size, orientation and posit~on of the crack) 
2. test piece-parameters (geometric shape, thickness and material) 
3. test-method-parameters (impact-parameters sensitivity of the method) 
4. influence of a small li_quid layer on the surface of the test piec~ .. 
Further experliments shall be carried out \'lith test pieces of any geome-
tric shape •. After these preliminary investigations experiments will be 
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to proof the reliability bf thi.s ne\'1 nondestructive test-method. For· 
these measurements in a nuclear power plant during a repeating test the 
holographic set~up must be reconstructed to a compact and versatile de-
vie~. 
Experimental facilities 
The principle of this holographic ~echnique is to visualize the ·deforma- · 
tion of surface and bending·waves d~e to small irregu)arities in the ma-
terial. These waves cause surf~ce deformations which can be measured with 
holographic interferometry. , 
' 
To produce the.waves it is usually necessary to strike the test section 
in· a suitable manner. This impact excitation may be generated e.g. by a ' 
free falling steel ball, by the bullet of an air-gun, an ultrasonic trans-
ducer, or any other stress wave generator. The local impact is on'ly a short 
time excitation after which the waves will travel in all directions. ,In 
/ 
order to record t.hi s very fast event ho 1 ographi ea lly a .Q-switc~ed ruby 
laser is used which produces. two short light pulses. The first giant 
pulse illuminates the· tes~ piece shortly before the impact and thus the:·.·; 
. - • I ' . 
test piece in its unstrained condition is recorded. The second laser pulse 
appears at a certa-in time after the impact to make visible the propaga-
tion of the wave .. The who.ie experimental set-up was a-lready discussed in 
the annual reports A 74, A 75. · 
Progress to date 
The experiments with test pieces of simp1e geometric shape like plates in 
connexion wi'th the described holographic technique are now finished. From 
' ' 
this experience it is possible to describe the detectable cracks as a 
function of different parameters .. 
Furthermore investigations were made to use different impact generators 
to produce waves of higher fraq~encies than agitated by the falling steel 
ball. Experiments were carried·out \'lith an airgun bullet and an ultra-
sonic wave generator (1 MHz}. Fig. 1 shows the ,experimental arrangement 
I 
wryich was used to produce and to store the surface motion excited by an 
ultrasonic longtudinal wave generator. 
To prove the efficiency of the holographic nondestructive_te~t method, 
experiments were .carried out with an structural part of a nuclear power. 
plant. This part is a section 6f a feedwater boiler where a crack occured 
t ,, 
l ' d ) 
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Fig. 1: Experimental arrangement for the detection of ultrasonic 











I Theoretical and experimental investigations have shown that the method 
has a very high sensitivity as long as the cracks are near the surface .. 
The described holographic technique certainly has limitations, too, due 
il4 
to the fact that the wave disturbance is extremly small for crack geome- J 
tries of interest. Fig. 2 shows the results of several measurements which 
were made with and without an adequate magnification of the surface mo-
. tion by the aid of an liquid layer of water. 
As can be seen in fig. 2 it is possible to detect cracks of very small 
geometric she. when these cracks are located in the surface of the test 
piece. In addition it is noticeable that the thickness of the material is 
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the extremly small surface wav~ amplitudes and their distortion due to 
such small cracks. 
The influence of two different impact genera tors are shown in fig. 3., and 
fig. 4. 
0/o of material thickn~ss 
0 8 16 24 - 32 40 48 ; 
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Fig. 2: Holographically detectable surface cracks 
A) without the aid of a liquid layer 
mqterial thickness smaller than 40 mm 
B) with the aid of a liquid layer 
materia 1 thickness unlimited 
Both results~ere obtained with the same test piec~ with a surface crack 
o.f 0,5 mm depth, 100 }Jm widtb and a 'length of 10 mm .. Fig. 3 shows the. re-
sult , which ~as obtained with the aid of a falling steel ball {diameter: 
12 mm) and fig. 4 was obtained \oJith the aid of a S,mall airgun bullet' (di(l-
meter: 4,5 mm)~ In both fi gure·s the distortion of the waves due_ to the ' 
crack is recognizable, Qut in fig. 4 the crack _is surrounded by a closed 
interference fringe and therefore. even better .visible than in fig. 3. · 
After these results, .experiments \'lerde made with even sma 11 er cracks, ·and 
as fig. 5 shows, surface cracks of a le~gth of 3 mm, a depth of 0,5 mm 
... \ 1l 
r . 
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and a width of only 50 pm are c:learly recoEnizab'le in the interference pat-
tern.
.') Fi'g. 3i Impact generator: fal l ing steel bal I '12 nrin diameter
Fiq. 4:. Impact qenerator:
Distortion of the
10 rnm length, 0,5
air-gun bullet.4,5 nm diameter
interference pattern due to a crack
mm depth and 100 pm width
of
-^)
Fig. 5: Holographic detection of a surface crack(length 3 mm, depth 0,5 mm, width 50 pm)
Impact generator: air-gun bullet 4,5 mm diameter
'. 
r- , I, 
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) 
Further experiments with a test piece of a complicated geometric shape 
werde made (photo- fig. 6). This te'st piec~ is a section of. a feed water 
boiler of a nuclear power plant, where a crack had occured in the Vi·cini-
1 ' 
ty of a welding seam. Since this crack is located in a gemnetrically com-
plicated area the problem arose how to detect this material fault with 
the conventional nondestructive test methods. Therefore it was 'of in.te-
rest if this crack can be detected by the aid ~f holographic interfere-
' metry. Two kinds of lads of the test piece werde chosen by means of which 
an appropriate holographically measurable surface deformation could be ob-
tai~ed, namely the short impact load by a free falling steel ball and a 
1 oad occuri ng during the operation of the feed\·later b.oi1er. In such v~s:- _ 
sels positive pressure as well as vacuum can occur·. The· abnormal', for the 
holographic detection of the crack necessary surfac~ deformation in the. 
vicinity of the crack is the highest, when the crack' is expanded by the 
applied .1 oad. 
'Fig. 7 shows the result when. the load e.xists of the small impact dUe to 
the falling stee~ ball. The crack in th~ m~lding seam is clearly visible 
by the break of some interference fringes. The result of the other ioad. 
is shown in fig. 8, 'where a deformation of the feedwa'ter boiler 'was app-
lied similar to that under working condition. In the interferogram (fig.8} 
the crack is clearly ~ec6gniz~b1e also by the br~ak of the interference 
fringes. 
Further investigati,ons were made with an ultrasonic transducer as an lm-
pact generator. This transducer consists of a longitudinal wave generator· 
. which is driven by a impulsively loaded transmitter. The amplitude of the 
generated wave is so small that it is not possible to detect the surface 
motion interfero~etrically without the aid of a thin liquid layer. Fig. 9 
shows the arrival of the longitudinal wave which \·/as generated on the .. 
rear side of a 85 mm,.thick steel plate. The area of the surface motion is 
surrounde.d by a sharp circular interference fringe. This interferogram 
was made 15 sec. after generating the wave - this time 1s exactly the 
time which the wave nee'ds to travel through the steel plate. 
' '. 
Later on an ultrasonic standing wa~e occures , due to the reflexion on 
the surface and the edges of the test piece (fig. 10). The amplitude of 
the surface motion is even smal/ler than 50 n m and only by the aid of the 
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Fig. 6
Photo of a segment of
feedrvater boiler of a
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report that it is possible to detect the ultrasonic
of a test piece, llore elaborated measurements rvith
transducers (longitucjinal:, transverse- and surface-
test pi êcês ,rvi'th materi al faul ts wi I I be made to
7.






Fig. 10: U'ltrason jc standing h,ave pattern
Next steps
ït rrras shor.rn in this
motion on the surface
high pov{er ultrasonic
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8. 
• f ~ 
. ' 
i!!Jprove .this· Mey.r- test· method • .,. . 
• t: ' •• • • \ 
F.urthe\more expe·riments will be made with some more pieces of the described. 
'feed~ater .boiler to show the re·1iabil.ity of :the,· holo_graphic nondestructive .. 
-: test method. · · :.. ' 
Relations· with other .proje£~ 
·.See ~nnual report~-A 74,-A 75· 
j, 
.;;..9.;.... _. _.___-.:..:Re=--· f:..:e:.:..r.::.e:n.:.c:e doe ume n ts 
Annual repor:t: A· 74, A 75, A 76 . 
' . , 
· Quarterly reports in the series GRS-For~chun,gsberic_hte 
Report-period :Jan: 1Q77 i.:. 'Ma~ch ··197! IRS-F-. . 
11 April 1977 ·· June · 1977 I RS-F. 
11 
11 
.. . ... 
Julg 1977 ~ Sept. 1977 






10. Degree of availability , 
)he quarterly reports areavailable -by Gese1lschaft flir ·Reaktorsicherheit· 
' ~ ' ' • • • ~ ' • t • • 
(GRS). 
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Leader 
Stand d~r Arbeiten(Status 
·,. Conti:q.uing' 
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·Berichtsdatum/Last U;:>datir:tg · Bewilligta Mitt~I1Funds . 
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Gen:eral Aim .... · ... . ., . "· 
' -·' . 
. Un4e~ the sc-ope. of 'developin~~-·P.,evic,es .· i.or'_a~tomat~Q. testi~g 
.of ~.eactbr. p;e~ure vessels, a ·~i Ve_f$a~ly·· .. a~;p:(~cable pro- '. 
t<;>type co~tro1' p~e~. is t'o be' dev,elop~-~ and' constructed lihicll 
wouid · pe~form ·<by .comp_ute; c-ontrol·. US-testing: fb~ ·compliC?ated 
~ . . 
,geometries, -by _simuJ:tarieous mul tidirectiortal· motion.· 
~ ' - . 
• 1', 
• I •I ' ~ ' J• t 
'Particuiar Objectives·.. . . . . . , :. . . 
' ' • ' ;'llf •' •, • ' I • ' .l, •. t', I 
A panel for m.anipulator control· is. t·o.- be d'ev.eloped which a) 
• l"" ·• r' , , • !' . ~'-
. will b'e relatively independent of-. bot!l · th~:· IIiariip:ulato~ drive_ 
method· and _po~er;. ·.and. b) allows ·r.o~~ c~mpl-icated·.·geometries 
to. 'be followed ~ep'r~ducibl; with-~ .high' degre_e: of accuracy. 
' ' ~' I ' ,,.. ' ' ~- o• ' '• '•' ' 
Furthermqre <fontfol of up to .~ix· dift~rent, "independe!i~. and 
- in some applicatit:>~·s ~· .depend~nt: r;o~ions~ of the manipulator, 
will·.be requi-red. ·Various modes.' 9f CO:J.trol op~rati.on in- . 
eluding' U!anUB;+ and :,al,lt~ma:ted Op~rS:tion have. to .be .-provj_ded 
" ' \ ' I 'j • '' ' ' •'• ' ' • 
to ensure the -highes:t l>O~sib~e serviceabili.ty. · ' 
'• 
-, I 
The control panel is presentl.y being ·developed ·as a prototype 
' ' ', I ' 
panel. If during ·.tlle testing -oeriod t!le· experiences with· 
· various manf:p:ulators · a:pe f-ound to· be· .favou'rable, toil.ow-on · · 
,' ' ~ ,\ . ' ~ : ' . 
models of lower cost will be. con'St_ructed •. 
. ' 
Re·s~arch Program··-· 
\ ' ' ~ . ' ' B~se·d ·on the ej;periences 
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Vo.rhaben/Projec.t Ti~le -, · · . . ' . . , . , Land/Country 
Ermi ttlung der opt'imalen Arlkopp'e.l~paltdicke 
fUr d.i.e mechanisierte Kontakttechnik-Ultra-
schallprtifung von .. Reaktorqruckbehal tern 





·coupling layer for mechatiized ultrasonic·. . . 
in3pecii6ns o£ ~eactor .. pr~asure vesse~s using 
· Krau.tkramer GmbH, 
,K'ilU AG, Erlr:tngen 
Koln 
the ··contact· technique ., .. . . · 





Leiter des . Vorhabens/Project Leader 
Dr. · H. -Se i ~er 
s:and der Arbeiton/Status 
continuing 
:aerichtsdatum/Last. Upda_ting 
' 12/31/77' ' 
'Bewtlligte Mittei/Funds, 
'•' DM 195.874,--
General aim ' ' . ' 
•, 
. ' 
. . . ' 
Decrease of. the $Erq.si ti vi ty variations· when ultrasonically 
. ' ' 
' . 
testing reactor pressure vessel~·. \ 
2. Part~~YIA.ar objec·ti ves 
3. 
Determinatio~: ·qf the optimal ·thick~'ess' of .the coupling layer 
tor the ... mechani·zed ·ultrasonic inspection· o:f .reactor pressure 
' . ' . ' 
vessels using. the contact technique. 
,- \ 
Research nr.ogramme · : 
For.: the .,determinatiQn. of the optimal thickness of the. 
' c..oupling layer' the 'foll-owi~g . two con.'tradictory effects are 
to be taken··ritto cm1sideration :' . 
a) Decrease 'in the oscillations· of the. transmission factor 
with increasing thickness" oi·. th~' c.oupling layer. '. 
b) Increase in the. l~ter:ferenc~s of; t!!e frequ~ncy spect'rum 
, ' . 
~ith ·ih6reasing~~f .. ~he thi6k~e~$ oi the. ~~~plipg ·lay~r. 
Thereby the. follot,..,r~n.i,. values are to be. ~-easured a.s a function 
of the pr.o'be locatiqn using ~he· thickne·ss .o_f ·the layer as a 
' ·, ' '\ ' ' parameter: reflector echo ampl:i tudes ,. acoustic·· noise as 
inte~fe;ence ·.level, e.cho fr'equency ·sp~etra;.1he thickness· of . 
. the layer is increased in steps of 0. 1 .nun starting with 0 mm 
' \.. ' ' ' ' ' l , "' ,. ' I • ~ 
· . until the oscillations of the· transmission · . .t:actor fade· away •. 
' ' \ ) ' 
.The measurements are·.to be'carried out'on the pressure. 
vessel, specimen "tor. <1. and .2 MHz using .dif.ferently sized 
ul traso~ic. · tr-~nsduc.e;.s and diff~T:ent 'beaming angles u~ing 










' '' - :. 2 ~-~ 
·' ' 
1', I .~s 267. , 
' ~ '' . ; ' 
'"'' ' : . 
' ' 'l-
' •'!• '• 
E~ne.rimentaf f~~.}lit-~es ~- :'eo~~~- c;.~~~· ~-- ·_· .. ·.-.: .. . . 
Pl-e:ssure. ves~el specimen; ·::1J.l trasontc,tes~ing de~ice, manipu-
latot-· device-,· ;r..ecorcier, pr.obes·, ··patn ... :Pick-up tor recording · · 
. -. ' . ' \ ' . ,, •, ' ' 
the vari'B.tions iti.·.::the ·th!ckr,te~s~ of.· :th~ .9o~plin,g· layer, 
holders. · .. · · '· 
' .. ' 
• '· 1 
Programme·. to date._ ·· · : J 
' '. ~ ' . ~ \ ' ' . . 
The necessary .. probes :~nd. p·art ·of _the equip~ent have been 
produced .·pr ordereC,. I and, as far: ~s < possi~~e' 'tested for their 
properties and !aul tless. functioning.,! ', 
' . : ( ' .. 
•• 






1 " . 
7. Next steps · 
1. Establishing a detailed· testing·schedtle for. the measure-
ments on the pressure ve~sel specimen.· 
' . ' 2. Carrying.ou~ the measurements. 
3. Evaluation of the measurements ·and documentation of· the· 
results. : .. 
8. Relation with oth~~·prbjects. 




'•, I' •, 
' . . 
10. Degree' of' availabili tv 6:f the renorts ·,_· · · .. : 
Gesellschaft· ::t'ur .R.eaktor~d~hf):riied. t: 1 ;-- _: , :.- .• • 
Glockeng~sse·2 · · 
. I 
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! Title.:· Organ~zation: Ris0 
National Laboratory Acqustic Emission fL"an Steel Struct't..U:'es 
' r,--------~----------~----------_.~,----------,------------~scientists: 
Initiated date: 1977 CQmpleted date:. , W.E •. SWindlehurst 





General aim: 'lb provide a basis for t~ evaluation of AE signals obtained during 
surveillance of steel structures. 




'3. I • Project status: Lab;:)ratory investigations as described in previous 
status document,· are alrrost cOmpleted. Planning of data treatment 
· rrieth:xls has been started. Pressure. vessel testing facility has 
been set up and the initial testing has begun. 
4. Next steps: eomplet~on of pressure- vessel test ~ogramne ~ 
. / . 
5. 'Relation with. other projects: This project is related to industrial 
projects on appliootion of the AE technique. 
6. Reference documents:·-
Bis0-M-l896. ArVed Ni~lsen "AE surveillance Metlxlds". AE as ~ 
supplanentary tool for inspection of reactor presS't..U:'e canponents". 
7. Degree of availability:'~ decided by tlie· sponsors (atrope~ Coal 
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________________________________ ._.._ ___________________ ~ 
Initiated 
! l97o 
! Status progressing 
Completed 
Last uoda.ting 




1. G.eneral aim 
Incr'ease of the effeciency of non-destructive control and 
·, 
surveillance by application of AE methods. 
2. Particular objecttves 
Development of a system to store on magnetic tape inform~­
tion from a· large number of AE transducers in order to do a c&reful 
location analysis after testing_or surveillance. 
Development or testing of commercially avaiiable dis~rimi­
nators to operate with the above mentioned storing systPm or to opGra-
te in c~nnection with other applications of AE than location. 
3. Experimental fa<?ili ties. and rrogrd~ 
Suitable tape recorders and suitable electronic equipment is 
available. Large steel structures in which the need for advanced 
surveillance is severe are present particularly within the conven-
tional power production. 
Laboratory experiments are planned in order to provide in-
formation on materials properties with respe~t to acoustic activety. 
This is to form basis for further development of discriminators. 
4. Project status 
The storing system has been finished and is ready for field 
USe \olhCn a Set Of discriminatL'>rS have been build. 
A more si~ple system for s~rveillance of smaller pressure 
vessels during periodic· inspection is operating under field conditior;~. 
5. Hext ste:>s 
----------
Devclopm~nt of more advanced discriminators and developme~t 
' \ 
of sof t ware to handle the information stored on tape. 
6. -
7. Reference documents 
A. Nielsen: Acoustic Emission Surveillance Methods. 
Ris~ Report No. 277. 
A. Nielsen:· European Progress Report on Acoustic Emission. 
July 6, 1974. IIW~-752-74. 
8. Degree of availability 
For commercial reasons the availability of information of 
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Strcss analysls of prlmary steelcomg:onents:
{À comparlson ,between calculated and measured stress
Project lcad':r
S. I. Ànderscn
Scientists:anci strain in a BlfR main circulat,ion pump nozzle.



















Title 1 (Original language) Controllo del- Classification 
la integrita. dei' recipienti .in'·pressione me-: . · 11.2.3. 
! . 
i c1i..mt.e noni toraggio dell' emissione acustica. I 
I TiU·:: 2 (English) Assessrrent of nuclear pres- Country ITALY 
sure vessel integrity through acoustic emis- · Sponsor ENEL 
sion noni toring. Organisation C~SE 
.. 
Date initiated October 1971 Project Leader 
' ' 
Date comnleted }978 G. POSSA - F. rrOIDLlNI 
Last UJ2dating_ l-larch 1977 ' 
. 
·... 1. General Aim 
. . . 
To develop non-destructive teclmiques based on acoustic emission m:::mi to-
. . . . 
ring for the assessn\:"nt of nuclear pressure vessel integrity. 
2. Parti<;ular Objectives 
To develcp acoustic emission nonitoring systems and methods to be· utili-. 
. . 
zed 1) during pressure vessel hydrotests in cold unirradiated conditions, 
. . . 
·· 2) during pressure vessel hydrotests in hot and possibly irradiated condi-
tions, 3) during power operations as a ex>ntinuous autanatic pressure ves-
sel surveillance. 
3. 'Experimental facility and pr~ 
J.1. E>-T.Jer1r.ental facit.i.lies: ·none 
----------- ------- . 
3.2.1. Developrrent of an acoustic emission instrurrentation system cap-
. . . 
able of detection and precise location. of emitting defects during 
pressure vessel cold hydrotests in unirradiated co~t-ions. 
3.2.2. De~cloprrent of an acoustic emission inst.J::urrentation system for the 
autana.tic continuous noni toring of a nuclear pressure vessel during 
power operation. 
3. 2. 3. Installation of a prototype of the instrl.lm::nta~on system developed 
. . . 
in 3.2.2. OQ a power reactor press'ure vessel, with the main objec-
tive of determining th~ actual sensitivity in the presence of ope-


















Title 1 (Original language) Controllo della in- Classification 
tc<JLita dei recipien¥, in pressione nediante 11.2•3• 
n-oni.to"Laggio dell' t?Jit.i.ssione acustica. 
4. Proj~ct. status 
· 4. 1. E!D.irr~ te _@te . . 
- (3.2.1.): 12 charU1el system for on-line acoustic emission source location 
designed, manufactured and tested; activity in pl:'O<Jl::ess on a 24 
channel sys tern. 
(3.2.2.): Prototype of the instrurrentation system designed; c:at'{Xlnents 
purchased or manufactured. 
- (3.2.3.): Installa-tion of a bNo ·channel inst:.ruilentation system prototYPe -
• • • !' '"\ 
on the BWR caorso pressure vessel to be cx:npleted within next ', .J 
Nay 1977. 
4 • 2. Essent..ial rosul t.s obta:l.ned 
--------------------------:Knc:M-h~ and kncM-,my. regarding th~ techniqu~ based on acoustic emission -. · 
. . . 
nonitoring for d,efect locati~ in pressure vessels during hydrotests. 
5. Next steps 
Additional extensive tests of. acoustic emission inst.rutentation in Various 
' . 
steel pressure vessel hy~otestS (3.2.1 ~). 
~as\llrelrents of acoustic emission of the CX>RSO BWR pressure vessel during 
the preoperational te$ts (3.2~2. & 3.2.3.). . . 
6. Relation to other projects 
'None 





























1) _E. Fontana, G. Grugni, B. Pirovat'X), G. Possa, F. Tonolini: "Controllo non -; - / 
distrutti vo di recipient! a pressione rnediante analisi dell' emissione acu- ·· ' 
' . 
stica. nel corso della prova a pressione idrostatica", Energia Nucleare,·. 
Vol. 21 n. 10, ottobre 1974. 
. . 
2) E. Fontana, G. Grugni1 c. Panzani,· B. Pirovano, G. Possa, F, Tonolini: 
"Acoustic Emission M:>ni toring During Hyd:ro~sts of a Thin Wall Pressure 
Vessel"~ Energia Nucleare,' Vol. 22· n. s, maggio 1975. 
3) E. Fontana, et alii: "Acoustic Emission Measurercents during· the first 
pressure vessel hydrotest at ENEL - CNJROO BWR", Paper presented to the · 
Conference '~PeriO&ic Inspection of Pressw:e Vessels" - IDndon, Sept. 20/22, 
1976. 
a. Qcgree of availab.ilit;:y 
VarioUs rreans of cooperation may be envisaged: for:~le, Italian participa:.. 
tion in research J;>rograms carried out by partner countries, cost sharin9', etc. 
·g. Budget 
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N. V, KID!A CLASSIFICATION: Jl. 2. 3 
TITLE: 
Automatisch ultrasoon onderzoek van lassen 
en componenten 
TITLE (ENGLISH LANGUAGE): 
Automatic ultrasonic examination 







LAST UPDATING : 
COMPLETED : 
1978 










The performance of inservice inspection (!SI) by ultrasonic examination 
in accordance with the ASME-code and the Dutch-code. 
Particular objectives 
Development of an automatic system for the volumetric inspection 
by ultrasonic to remote areas where manual access is retricted 
for manual inspection operations. 
Parts of the inspection system are special developed ultrasonic 
probes, manupulators, electronics and computer. The special 
purpose computer is used for control and acquiring all inspection 
data in accordance with the codes. On-line and off-line evaluation 
is possible. 
PrograTill"l 
The programm consists of: 
- ultrasonic inspection of longitudinal, meriodinal and circumferential 
welds and nozzles of steamgenerators, pressurizer, pumps, main loops 
and reactor vessel. 
- ultrasonic inspection of studs, threaded holes and ligaments of pumps 
and reactor vessel. 
Project status 
Tests are pe~formed during the shutdown at February J976, 
February 1977 and November 1977 for a PWR. 
Next steps 
The work ls continued during 'the coming shutdown in 1978 and 1979 to 
complete the first interval of a PWR. Simular steps are taken for the 
second interval of a BWR. 




Degree of availability 
Through the organizatlon KEMA. 
AS THIS PROJECT IS TERHINATED, NO FORMAT WILL BE 
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·~...__ .... ._. -··--------
To determine from measurements made during a non-destructive pressure test, 
, whether a vessel has a significant crack. 
,. 
,· 
2. Particular Objective 
.. 
To characterise emissions from cracks in many practical test conditions. 
Experimental Facilities 
The mobile laboratory is being used . locate signal sources during tests on 
vessels and small test pieces. Further development i~ necessary to pe~it 
identification of the types of acoustic sib~ls due to the differing types of. 
defect eg, cracks, inclusions -slag or porosity, crack growth, localised 
yielding, l?ri ttle cracking and ductile· tearing. ' 
• I 
To permit the signals produced in different tests to be compared in a more 
quantitative manner, calibration devices are under development. 
. . 
Reference Doctiments 
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DEVELOPNENT OF HOLOGRAPHY AND LASER SPECKLE 





D J V MARTIN 
ln i tia tcd 1973 Completed Scientiato: 
, .. 
StntuG : Lo.Gt updating 




1. General Aim 
To determine from measurements made during a non-destructive pressure test . 
whether a vessel has a significan~ crack. 
To evaluate strain by laser-speckle photography. 
2. Particular Objectives 
;. 
To characterise holog~ams of ty~ical vessel regions - membr~ne, junction, 
nozzle, etc - with and without cracks. 
To -holographically inspe.ot regions of a reaot.<ir pressure vessel. 
I , 
Experimental Faci~iea 
' The photographic equipmen~ - including a pulsed laser - is being assembled. 
Tests are in hand on: a 5' vessel at Culcheth; a. 3" test plate in a 4000 T 
machine at Risley; a~ 211 test plate in a machine a.t \'iindscale; any thickJ;l~ss 
of test plate (currently 3") in the. hydraulic pressuriser at Springrields. 
Part through defects in a series of small cylinders are being hologrammed. 
Proposals for the inspection of a reactor pressure vessel have been issued. 
Reference Reports 
AEA internal reports. 
Martin D J V Holoaraphic method giving stress levels and visualisation 
of defects in thick cylinders •. To be published. I 
Martin D J V Holographic interferometry and· laser speckle photographyj, 
as aids to assessment of pressurised components. Paper 
No. G3.l0 at 3rd lnt Con£ on Structural Mechanisms: in 
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Pressure Testing Facility 
I 
Scientists: 
Initiated date: 1977 
! 
Completed date: 1978 
I Status: In progress c. Debel 
I 
1. General aim: T·o provide a facility fqr testing to failure of inter-
mediate size vessels under controlled conditions. 
' 2. Particular objectives: Testing of experimental.vessels particularly 
under gas pressure in order to facilitate the testing at different ·temperatures. 
3. Experimental facilities and programme: The aim is to provide a 
facility for fracture mechanics and acoustic emission experiments on vessels. 
4. Project status: Designing is in progress. 
5. Next steps: Construction. 
6. Relation to other projects: The facility should be available for the 
/ \ projects Dynamic Fracture Mechanics and Acoustic Emission. 
7. Reference documents: None so far. 
8. Degree of availability: In principle.no limitations. 
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Title 1 (Original language) Classification 
Programma di ricerca sul comportamento 11. 3. 1 
del calcestruzzo per .contenitori di realtori . .. 
nuC'leari. · • 
·-
Tii.le ~ (English) Country ITALY 








Project Leade~ Date initiated 1970. - . -
. 
Date completed 
- P. Bertacchi 
. 
Last UEr1ating April 1977· i 
Des crip lion: 
l. General Aim 
Determination of concrete properties to provide data for prediction of vessel 
behaviour • 




Systematic investigation on the behaviour of concrete subjected to multi- • 
axial stresses •. 
Determinati::n of concrete strength after wet and dry thermal treatments 
Study of concrete· creep. 
3. Experimental Facilities a~. Programme 
All the tests are carried out both at ENEL - : Niguarda Laboratory (Milan) 
( ··. and at ISMES Laboratory (Bergamo) • 
• ( · . These investigations are carried out in the framework of a joint research 
program with CEGB- CERL. 












Systematic tests have been carried out on concrete specimens (cubical . 
. ~ and cylindrical) subjected to bi-and triaxial stresses with an aim at determi 
ning the "rupture surface". -
. . 
. . 
Investigations have been ca;.~ried out on the mechanics of onset and propag<lt · 
ion of mi9ro-craCks to gather information on the possibility of defining -
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'Title 1 {Original language) Pr~gramma di 
ricerca sul comportamento del calce• 
1 str'uzi6 per conten1tor:t di reattori · L nuclcori 
Classification 
I • '" 
• • ' I 
Sonic methods have mainly been used with equipment for measuring · 
propagation velocity of costant-freque~cy signals. 
. . 
A la1·ge number of spe cimcns have been subjected to thermal treatment 
•<lt temperatures of 90° nnd ]20° C, both in dry and in moist ambicnts; 
moreover, they.h.ave been subjected to thermal cycling and to .continuous 
treatment. 
The effects of thermal treatment on the bending and compression sh•ength 
and on Young's modulus· (static and dynamic) have been dete-rmined:. 
s·. Next ste2s . 
. a.. Study of concrete creep. 
The installation of automatic load control equipment at the Niguarda 
· Laboratory, with the possibility of subjecting concrete prismatic and 
cylindrical specimens up to a m~x load of 100 tons, makes it possible to· 
start s'ystemc:.tic·~ research in order to determine the specific su1•face o! 
creep and to stu,dy the· influence .exerted on concrete creep 'by various· 
facto1•s, such as the shape and size of the specimens subjected to loads. 
which are kept con.stant with time. 
b: Development of novel techniques {optical holography} for determining 
the state of str.a~n and early stage of fissuring in concret':!. 
6 • .t<elation to other Projects 
Development of advance solutions for pre-stressed concrete pressure vessels 
.<thin-wall solutions) (fl. 3. 2 - 11. 3. 4) 
1. neference Documents 
• R. Bellotti, "Joint Research Programme of ENEL-DSR/CEGD-CERL on 
concrete for Nuclear Reactor Vessels- Enel Contribution. State of the 
research as at December 1973. 11 CRIS n. 2425. 
R·. Bellotti, · P~ Rossi, .i'New Prospects for Evaluating the Degree of 
Safety in Concrete Structures Subjected to Multiaxial Stresses" •. 
Ill .. 5; Seminar on: Concret(:l Structures Subjected to Triaxial Stresses 
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Title 1 
Brudunders~gelse a£ Betontank-lagmodeller 
COUNTRY ~nmark­
SPONSOR Ris~ National 
Laboratory 
Title 2 
Overload behaviour and ultimate load capacity of 










s. I. Andersen 
Scientists: 
N.S. Ottosen 
S. I. Andersen 
1. General aim. To study the overload behaviour, failure model and ultimate 
load capacity of PCRV-closures for a Nordic BWR-PCRV reference design. 
2. Particular objectives. To investigate the influence from different de-
sign parameters, such as depth-to-span ratio, reinforcement and supporting 
flange geometry, etc., and to propose an optimized closure design. 
3. Experimental facilities and programme. The test facility, situated at 
Ris~, includes a steel pressure vessel, in which model specimens in scale 
l:ll of the reference vessel closure can be pressurized to a max. hydraulic 
pressure of 450 bars. 
The programme included tests on 9 different closure models and a series of 
comparative calculations by means of a finite elem~nt computer programme 
P-479, which has been developed by Ris~ for the analysis for PCRV-struc-
tures, taking into account the effects of concrete creep, plasticity and 
cracking together with steel plasticity. A high degree of experimental veri-
fication of the programme has been achieved from these tests. 
4. Project status. 9 closure models have been tested, and good agreement 
between calculations and experimental data has been ~btained, provided the 





are taken. into account. A new failure criteria· and a proposal for a consti-
tutive model for concrete are used by the finite element program. 
5. ~ext steps. None. 
6. Relations with other projects. The programme is part of a joint Nordic 
development work on a PCRV for BWR application. 
7. Reference documents. 
Ultimate load behaviour of PCRV top closures. 
S.I. Andersen, N.S. Ottosen. 
Paper H 4/3, 2. Int. Conf. on Struct. Mech. in Reactor ~chnology 
Berlin (1973). 
Theoretical and Experimental Studies for Optimization of PCRV Top Clo-
sures. · 
N.S. ·ottosen, S.I. Andersen. 
Paper H 3/6, 3. •Int,. Conf. on Struct. Mech. in Reactor Technology 
London (1975). 
A Failure Criterion for Concrete 
N.S. Ottosen 
Journal of the Engineering Mechanics Division, Proceedings of the 
American Society of Civil Engineers. Vol. 103, No. Eh4, Aug. 1977. 
Structural F~ilure of Thick-Walled Concrete Elements. 
N.S. Ottosen, S.I. Andersen. 
Paper H 4/.3 4. Int. Conf. on Structural'Mech. in· Reactor Technology. 
San Frapcisco (1977). 
8. Degree of availability 
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Title 2 
Overload behaviour and ultimate load capacity of 
PCH.V-clo::;ures for BWR-plants. 
Initiated (date} 
' StiltUS: concluded 
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t Gencral â; r^;T" deffi"p ÏivancecJ econornlcal and eafe aolutlons for PCPVe by be.tter
e>lilloltlng l;iru reslsttrnce of trinxially streoaed concrete.
Z. Prr_rtlcui ar" Obigjlly-g!
" 
.. 
Reciuction of ihe wtrll tiricknoÉ;B of currcrrt PCPVs b1, applying novel d'e-
s1trn pirü.osoirlrlur: altci tcnclon luyoute , "
Dûveloprnent of a pre-Btreseed cor)crete top lid and of a closuro-and-
aeali::g cyotr:n: slËjlrir to thor;e adopted.for stecl preËsiire veaselo.
3. nl;ig.r!-gs:rJ$-L
?he proposed so)utione are lnvertigated by meana of eultrtble deslgn tools,
such ao pl:ysical and rnathenraticerl rnodele of the otructurè and rheoiogi-
cal modeia of lhe materia-l (concrete).
îr'lodt of tl,c tests are carrled out at the ISI\{ES Laborstory at Borgamo.
. Sàphisticateci srnû.1-1-scale ph5'sical rrrodels (scale 1:10, 1:20) have bcen
deveiopccl, l;ullt and tûsted to cover the entire rênge of structura.l beha-
viour up to collapse
' In orcler tcr ot"rtairi aciclitiorrd information on tho doformatiot'r stateo of
the physica.'l ntodels a new approachr',,based on holographlc technlques
' wil} be trierl.
. 
:. ':
a. Progress tr: date
The follorving rnocJels ltave bcen built ancl tested up to coUapse:
-,One l,lrick-and three thin-walI modele (scale'1:20) for a 300-MWe HTII.
- Onc tirin-wo.ll "contlnuou6" modci (scale 1;10) for a I000-lvlWe BWR.
- Tu'o ttrln o:rd one "supqr-thi.n" nrodels of the top lld (scûIe 1:101 for
: a 1000 lvfl'/c BWn,.
- Or:c ii:teglerl lnocjeJ (lt-rain s,r,l.ucture 1,r1ue renrovabllr iid) ccale i:ir)for
a 1000 M\Ve l3\\rn.
Uso lit',rl beert mnric of mathernuticnl. nrodel.u for thc eelection of the
"' 
optln:n) geometrlcal sol.utions Lry n1e.e,n6 of an lnteractlve type of
Irian - tnrrchlne anal)'sis
. 
.q. conlputer pr?grûm waç developed to tske into account aleo tlre.fj.ie.







Tiil_e J (Orieinal ianguage) Sviluppo di soLu
zionl avanzaüe per i recipienti in preE
sione' j.n caLceetnuzr.o pnecompresoo (solluzioni a pareti sottiLi).
b. Ii.ssenticü itesults 'r.
i'iie pi'oi>osed tlrirr-wall solution..can leao to a reduction ln tlre pCIrV
u'i:igltt ft'onr about 3?r(lu0 tonÉ to I{, O(10 tonc for rr J00-IvIWe H,1'11
a'd f.om 8000 to'4000 rons r'or a r000 MWe LtwR.,.
5. Next JtepP





.-rc. Testlng.of tlre finol eolution of the thin-walled PCpV by meane of orrs (,-'ror more physica) rrrociela (sca.le l:10). l
cl. Application of thin walled concept to Gaa Cooled Fast Breeder Reactors.6. 'Relation to Other Projects
-
'a' "Researctr PrograS o:, concrete.for nuclear reactor vesoels,,(ll.r.tt
b' ENtrL-^, B. 'Atomenergy Agreement concerning "collaboretlon for theDevelopment of )rL.irV for l,WIls,,.
?. Refe:.enco Documents
State of Stress of
.Comparleon wlth a Conventional -llhick
' cr.etc Structures Subjected to Trip<lal
I g?.1.
Thin:Walled PCPVo for HTGRs; 
,
.Solution". IABStr Seminar on ôon-S.resses, Bergarno,-'i z-l g May,
' NI' Irenelli et a^l., "Finite-Elenrent Analyeis of }rreetrcseed 
- concrete -_L
,. 
, Preseure vesselo". IABSE s"",i.,*., 
-iî:;;-no*'i;;;.
a
' E' Fumagalli and c. verdeili, "snrall-scale i\,lodels of pCpvs for Iliglr
.'' : Iuaryrature Gae Reac,:-,.r. Lrrîgeri;; é;;"i. lïürcal Results,..IABSE Seminar , t7-19 iVlay tgZ4.
- !'. scottô, "ThiR waled'' concept and a i.* ,op tid applied to the scan-dinayian PCRV for a boiiing 
""n.to". paper (Uâ/ql piuaurrted at UISMIRT'- London, September 1 - S, 
.19?S: ' ' :- 
qL 
"'
' R' triceioni, c.'rtobutti and Ir. scotto, "Finite Element Stnrctural Âna-
)vsi1 of a r. c. P. v. for a BWR. eaper (rt;iri;;;;d at ur si\,rr1rr-.London - september I . â, l g?ô.'
. : E. Fumagalli, C, \rer.dclli, "11..?earôÀ on IrCpV for Il\ÿ§,,L physjc{:l
modet ae ctesign toot - rvtain ltesrüts. p"pr; (}rr/;i;;escnte"r"t IIj siisUlili. .
- Si,lIRT 
- Conference .on structural mechanice in ieactor, technologÿ.'
fiZ.6 g
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I i clitlgl-AL l\"1'.t,, D6fini.rion .l'rrrl ttouveau [yoe drc+nccinEe clo'conlinonrcnt !1u:r
- 
"---:---::* ;";;;l;;;;-Ji-e in,i"t'âita, EncLlntc <loublc cn bécon'econÔnll(lu(J, r.54 LE I ÿrrLs ""vr'
II " Pr\RîICUI,,\:'. 3lt.l!;C'tT.1II9
elcr peaux cir €tanclli:'it:é,r''ir111-i.ques
':fê§cnttrnt dt: nornbr(lll!:csIi.r,ritcr 1r6;aisscur dc3 cô1cs ir
rai.sonc ôcorroniqrrcn.
Iin cas' d'acc ident, les f ui. tes Ir&y-ersartt '1 t àncginte i.lrrcrtrô, son§
réctrnêrécs dans 1'csp,ace annulaire eC Ji1ür:6ee al,flllE rajet
couce:üion et La réalisation
en bSton armr: ou trôcôlrtrai.nt
?rovonanr rlc 1a nôcassirÉ dc
!ai.lrlcs .(0 otr 9 ,nrr) oour deç
Un nouvoau syscôme cte confi.nenrenü à ôc6 r:ri.o à l,'ritudc, il eit
cornposô «le deux. narties : i
- uoe. enceinre i.nEcrrre err b6ton pr6corruralnc, §ûIl3 peeq <i t 6tnnch«iitir rnêta11i 1ue
,













Les 6tudes eË 
.Boyer,rs dtessais associês sont,
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.
cle 1a st,ructure souè lrang,Ie,.drr'6ênic Civil,
'l
.dr6tanchéité dcs peinturee,












êtude drun avanr projgt clérai11é drcnceinre (lgZf)
cssais drôranchéi16 du bdr:on armê ou préconrraint (tg73).
4,2 - Esserrt,ial Results
Faisahi i it6 d6monir6e.
Chsix par E.D.F., en acco'rd
, de ee rypê dtcnceinte pour écluiper Los
.V'NEXT STEPS



















- ,études dravqnL projer détaill6cs de 1r'enccinte W 1350,,
- essais d!étanchéi'té tle revêremenÈs'éIascomères sur bétoir,, -'
- essais conc.ernant le.contrôl.e de'lr6tanchéütê du bécon en couis
con6 Ëruc È 10n.
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I Influence of the Size and Shape of Coolant Projekt Nukl0are 
Channel Blockages upon Core Cooling in the Sicherhei t (PNS) 
. -
-Re flood Phnse of a LOCA Institut flir(Re~ktor-
bauelemente IRB 
Art>eitsbeginn/lnitiated Arbeitsende/Compteted Leiter des Vorhabens/Project Loader 
1972 1979/80 s. Malang 
Stand det Arbeiten/Status · Berichtsdatum/Last Updating Bewilligte Mittei/Funds I 
. 
c0ntinuing December 1977 
1. General Aim 
The influence of coolant channel blockages upon the cooling effect 
during the ref~ood phase of a loss of coolant accident is investigated. 
2. Particular Objectives 
The objective of the program is to investiga~e the influence of size 
and shape of coolant channel blockages on the flow and the heat 
transfer conditions in the vicinity of blockages. Not considered is 
the influence of the cooling conditions on t~e propagation of the 
cladding deformation. 
3. Research Program 
The program consists of three major steps to investigate separate 
\ .. , e:{fects of the reflood cooling conditions in a Pl'ffi-geometry: 
, (FEBA, Flooding Experiments with Blocked Arrays) 
3. 1 E;xperiments with a 5-·rod row, all subcha:mels · blocked by the 
same blockage ratio, variation of size and shape of the block-
ages. These tests serve mainly for optical observation of the 
two~phase flow and for qualitative studies of the coolingeffect~ 
3.~ Experiments with a 25-rod bundle. 
-Similar objectives as in 3.1, but quantitativ~ results. 
- Fir$t tests to study th!= two-phase flo· . .; bypassing blockages. 
3.3 Experiments in larger bundles up to 50 rods, with some coolant 





;; an uary - December 1 9 7 7 
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0 PNS '4239 
4. Experimental Facilities, Computer Codes 
The test rig is designed for the separate effect test program 
stmula Ling the reflood phase of a LOCA in a P~'lR, excluding system 
effect'f:;. 'I 
, The heat transfer analysis code is c~lc.ulating the instantaneous 
values of the stored'heat, surface temperature, heat flux and heat 
transfer coefficients. In a further option the simulation quality of 
the used heater rods can be calculated. 
5. Progress to Date 
Tests have been performed with the 5-rod row using grid plates as 
I 
blockage simulators. To complete step 3.1, mentioned above, rods with 
sle~blockages have been prepared. In preparation of the tests with 





The evaluation of the tests performed was continued and the addition~-
al option of this code: allows the parallel calculation of a fuel rod 
and a heater rod with the assumption of identical cooling conditions. 
With this optio~ the simulation quality of the used heater rods has 
been evaluated. 
6., Results 
The results obtained up to now by tests with a five rod row and plate 
blockages allow the following preliminary conclusions: 
compared are tests with identical sub.channel mass flow. 
Upstream of the blockage the heat transfer is unchanged compared· with 
the unblocked case with the same local mass flm·T. 
Downstream of the blockage the heat transfer is improved. Decreasing 
improvement was observed with increasing distance downstearn of the 
blockage., 
At lower flooding rates or lower system pressure the heat transfer 
decreases in general. 
The evaluation of the simulation quality has shown that during the 













January- December 1977 
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7. Next Steps 
TviO mc:tin probl.ems are investigated with the next experiments: 
- Inf~ucnce of the shape of the blockage on local ~eat transfer, to 
be :i_nvcstigated in the 5-rod row and the 25-rod bundle, all coolant 
channels partly blocked. 
- Influence of the flow distribution on the local heat transfer in 
bundles with some partly blocked coolant channels surrounded by 
undisturbed bundle geometry. 
8. Relation to Other Projedts 
Low pressure tests performed by KWU. 
9. References 
PNS-Semi-Annual Reports (German, Engl. Abstract) : 
1976/1 KFK 2375, November 1976 
1976/2 KFK 2435, April 1977 
1977/1 KFK 2500, Decemper 1977 
P. Ihle, S. Malang, K. Rust, H. Schmidt, 
"D~r Einfluf3 von Kuhlkanalblockaden auf den '\'iarmeubergang wahrend der 
Flutphase eines Ki.ihl~ittelverluststBrfalles", Reaktortagung Mannheim, 
29. Marz- 10. April 1977, Deutsches Atomforlli~ e. V., Kerntechnische 
Ges. im Dt. Atomforum e. V., Leopoldshafen 1977: ZAED pp. 201 - 204. 
P. Ihle, S. Malang, K. Rust, 
"Thermohydraulic Tests 'l•li th Bundles of Ballooned Rods Simulating. the 
Reflood Phase of a LOCA 11 , ANS-Thermal Reaktor Safety Meetin~, July/ 
Aug. 1977, Sun Valley, ID, USA. 
P. Ihle S. Malang, K. Rust, 
"Th?rmohydraulic Tests With Bundles of Ballooned Rods 11 , I. Mech. E.-
Con£. on Heat and Fluid Flow in Water Reactor Safety, Sept. 1977, 
Manchester, GB. 
S. Nalang, K. Rust, 
"Heat Transfer Analysis of Experiments Simulating a Loss-of-Coolant 
Accident", I. Mech. E.-Con£. on Heat and Fluid Flow in Water Reactor 
Safety, Sept. 1977, Manchester, GB. 
re .. ·~· I 1- ft t t 
January- December 1 977 
- 4 PNS 4239 
P. Ihle, s. Malang, K. Rust, 
11 Reflood Experiments with Bundles of Ballooned- Rods 11 , Symposium on 
the 'J'l1ornal. and _Hydraulic Aspects of Nuclear Reactor Safety, 1977 
Winter Annual ASME-Meeting, Atlanta, Ga., USA. 
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Klaialfikiltiofi/CiassifiCAIIOn i<1'\gnJ.;i~hftn/ProjeQt N~o~mber 1. 1. 77 - 1. 12. 11.? .,:\;.) ~' ~ 
Vorhaben/Project Title !:'ln~d/Country 
Blockierte Ki.ihlkanale r K\:l 
Fordernde Institution/Sponsor 3 7 .:-:-;- l"T' 
Auftragnehrner/Contractor 
KP~:._::; :;:·,·T.ERK UHION AG 
~nockcrl Cooling Channels Ree.~~tortechnik 
R ---3 '.) i , Erlangen 
ArbL·itsbeginn/lnilla!ed Arbeitsende/Completed Leiter des Vorhabens/Project 
1 '7 nr ;;;n. r '70 :u. ~- . . 
'"" 
n. -~ e ::!..:'1 
Stand dar Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Co!ltinuing . 31. 12. 77 "';'Q-..;.3.800,-- DI1 
1. General Aim 
Investigation on the effect of ba'2.loo:::1ed :-uel claddings 
during a LOCA on the emerge:~1cy coo~:..:::.g o:f a Br.\TR. 
2. Particular Objectives 
Leader 
Based on the measured heat tran,si'e::- rates in the bloclced 
region, the influence of t~e flow dist::-ibution on the 
heat transfer 1rdll be eval·,;,ated u:;>st::-eam Z-"ld do1:mstrearri 
of the blocked region as a functio= of t~e geometry of 
the blockage. 
Research Program. 
- Planning &"ld preparation of bloc~:::.ge tests· 
HoC.ification of the test .facili t:; i'o::- 3',.,? f_;eom.etry 
blockase tests 
Asse:;::::ol:r of the bu::.dle i::. the roe:. '"::l".L"ld.le container 
Perfor:nance of tests wit~ 37 ·;j a:::. ?"J ;; ":)lockage 
.:. Eiral1.lation ot tests 
4. Test Facility 
-
The 3'JR. tests ',vill be perfcr2ed i:: a d.mJ..'~le-'bundle test-
facility \'i'hich vJas installed i'li"c:ii:: ~::;.e scope .of Task RS 36. 
During test performance, t~e cooli::~ cha~els of one bundle 
will partly be blocked by s~eets. ~~e seco~d, parallel 
bundle remains unblocked. 
The follo\ving parameters idll be i::-... -estige.ted: initial 
temperature, pressure, po'>·ier, coola:1t mass-flo,.., and degree 
of blockage. 
1· 
•']'. 'i •. 77 - 31 . 12. 77 - 2- RS 194 
Progress to Date 
The t\·ro tent s'eries comprised 2i+ ::;·y::e..y- a.."ld ·flooding tests. 
The mc:rx:i:-.r11L--n. temperatures- of partia2.ly blocked bundles 
( 3? 5~ and 70 %) were compared \·ii t!l test ru:1s of the project 
RS 36 C (blocka~e 0.%). 
. 0 
'l::.te para.!ueters · -;vere: 
System prensure 
Initial tube cladding tenp. 
· Floodin(5 rate 
Spray mass 
1, 5, "''10 bar 
600, 5:)0 °G 
"• 5 · ? · :=. ~ cm/s ., l -) _,,  
0,63; 1,02 I!l3/h 
The que21ch times a.11d heat transfer coefficients '\·:ere 
determined and compared 1-1i th the results of lo\-Ier 
. blockage tests • 
. ' 
A 9 rod assomqly \'!as :prepared for testing nei'l :oeasuring 
equipment in the bundle. 
6~ Results 
The comparison of the maxi~um te~?eratures and qu~nch 
tirrien of the bloekage. tests and t~e ~on blocked tes.ts 
shmved that the influence on the cooling pro~ ess i.s 
rather lo·~t vJi th. 37 % and 70 96 bloc:-:2.ge. :i:!le heat transfer 
in is i:::lproveC.. 
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..L...t. ..1 ..J\..- .... ;:;)---~-J •••• .., 0 \1 __ ~wo...,. V_:!v•C::..\I..L. .&.J.• Special. 
measurins equi:pme!":.ts ,,dll 'be tested. 
Relatior:.. ~+'.., ,. .... n.,...o j ec ;--V v .. .&.'..,- -"·...., L ..~::; 
RS 36 0 
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Title 1 (Original language) Clsssification 
Effetti delle scoppio di tubo a pres- ll.5 
si one CIRENE. 
Title 2 (English} Countr~ ITALY 
CIRENE power channel pressure tube burs, SEonsor . CNEN . 
tests. '. 
Organisation : CISE 
..; 
Date initiated October 1970 Project Leader 
Date completed 1978 
G. Posse. 
Last uli~ating May 1977 .. 
-
1~ General aim: to investigate the consequences of the hypotheti-
cal explosion of a power channel pressure tube for the CIRENE 
reactor. 
~. Particular objective: to measure the pressure waves produced 
by explosion in the n2o tan~ and to determine the associated 
stre,sses on tnajor mechanic·al structural components. 
3. E~perimental ~acility and programme 
3 .1. ~?EE~Ei~~~~!:~_f!£f~i~l • 
BETULLA: facility located in CCR Euratom at Ispra including a 
1 pressure vessel (with nearly CIRENE dimensions) for 
explosion containment. 
'3.2. ~!:26£!~~~ 
3.2.1. Preliminary burst ~ests to individuate most relevant plant parameters. 
' 3.2.2. Burst tests in full height scale vith a dummy explosion 
tube (full length rupture). 
3.2.3. Burst tests as in 3.2.2. with explosion tube and 'adjacent 
target channel simulating in full scale (dimensions and . 
structural materials) the CIRENE power channel. 
3.2.4. Numerical simulation with existing computer codes of the 
tra~sient triggered by explooion. · • 
Remark Burst tests for determination ot the· consequences of a 
hypothetic&~ pressure tube rup~ure due to hot spot have. 
been.canceled. 
















Title 1 (Original language) 
Et'fetti:' d~llo scopp:i:o di tubo a pres-· 
sione CIRENE. 






Basic· understanding of the d'ynamics· of undervater explosions 
in a confined volume. 
·Understanding ot the rupture process of a pressurized Zircaloy 
tube artificially 'defected, under typical conditions of a pres-
sure tube reactor • 
I . 
•\ 
-r ; •: ' 
" •t'' 
., f 




' ' o I 
~ i I ; 
' I~ 
.. , \ 
Gathering information on explosion stresses in reactor structural 
components • 
. .. 5. Next steps 
. . Programme item 3~2~4. 
;6. Refe~ence documents 
~ : 
.. 1), M. Famiglietti, A. Parmeggiani, G. P6ssa, L. Galbiati: "Pres-
sure Burst Due to Pow'er Channel Explosion in a· Pressu1•e Tube· 
Reactqr", ·; . . presented at the 3rd SMIRT Conference, London 
1-5 s~pt. 1975. · 
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12. QUALITY ASSURANCE 
oor'c1,~s~f8~Y.fre~od31 • 12. 77 Klassifika tion/Ciassifica lion Kennzeichen/Project Number 12.1 RS 317 . 
Vorhaben/Project T1tle Land/Co:;ntr.J 
Status analysis of quality assurance systems FRG 
Fordernde Institution/Sponsor of the operators for construction and Bf·1FT operation of nuclear power plants 
Auftragnehmer/Contractor 
Statusanalyse der Qualitatssicherungssysteme VGB Essen 
bei den Betreibern fUr Herstellung und Be-
trieb von Kernkraftwerken HA 
11 \'larmekraftwerke" 
AK 11 Statusbericht QS" 
Arbe•tsbeg•nnllnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1 .1 o. 77 30.9.78 Di_:Q_ 1. - Ing. Plate 
Stand dcr Arbeiten/Status Berichtsdatum/Last Uj)dating Bewilligte MitteiiFunds 
continuing 31.12. 77 353.017)-- DM 
1. General Aim 
Determination of the quality assurance (QA) over all 
phases of the nuclear power production (design, construction, 
operation).· Deficiencies b~tween· individual QA~systems and/ 
or insufficient single systems influence the en~ire ·system. 
Therefore also a description of the QA-systems of the 
power plant operators and following preparation of a 
general status report is necessary. 
2. Particular Objectives 
Survey on measures of the power plant operators. Detailed 
description of the existing condition, .on act:i,vi ties of 
the operators in the scope of the QA. 
3. Resea~ch Program 
3.1 
3. 2 . 
3 .. 2.1 
Elaboration to the following technical f~ds: 
General vie\•rpoin t!:: on ·the QA of nuclear :power plant-
primary circuit components at layout, manufacturing and 
construction, start-up and operation, including maintenance. 
·Performance of the QA measures 
System of the QA of the operator at manufacturing, con-
struction, start-up.and operation of nuclear power plant 
facilities. 
P-- ---------- -- ---





















- Fabrication and testing 




Measures in the cases of quality miss match 
Maintenance 




Control of the QA-systems of the operator and his 
deliverers 
Valuation of the QA-rneasures, presently performed by 
the operator and within the scope of the licens~ng 
procedure 
4. Exoerimental Facilities and Computer Codes 
5. Progress to Date 
Looking for existing documents, delegation of tasks to 
. 
the members of the project-group, in accordance to 
program 
6. Results 
7. Next steus 
to 3.- Preliminary elaboration for project, with detail 
division for all chapters, under coordination 
between the participating energy supply corporations, 
project aim will probably be obtained without 
having the printed final version .• 
' 
1.10.77-31.12.77 -3-
8. Relation with other Projects 
RS 124 KWU 
as well as analogue orders of BMI 
9. Literature 













·rrTLI:: l (origin~l l.ancua~e )' 
·Programma df.' .garanzia del la 
TITL}:; ., (enclish) .... 
















lJ<t {..,;, initiated January 1 , 1972 
/ 
Date completed June 6, 1975' 
Last updating . 
. . 
. . 





12. ,. .. 
Countrr: r:rALY 
Sponsor: Fra·nco To si 
Ort~anisa ti·on: 
Franco To si 






The purpose of this project is to formulate a Quality Assuran-
ce System and to suit it ~o the organization and the procedures 
of the Spons6r, were possible; .otherwise to modi-£l.cate orga.niza-
tion and procedures. ' 
The outcome of this work is contained in a Quality Assurance 
·Manual which contains a detailed description o£ the Quality Assu-
rance System .. 
·. 
The Quality Assurance· System is becoming working with the im-
.. · plernentation of. the· orders for Enel V and VII nuclear power uni t·s. 
I 
Project status : completed 
....... _..... ·. 
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PAOJECT TEÂ])F,E, :, i
.\G. îoliA§§:l,ti'I
p"f-grr{"Éig3 : Â rcsearch has bocn initiatcd in thc field of .
. 
reri*i:iliJf stucties focused on conponents (eroctrouic ,rra--
mecharricalI of watcr roa.c.bon.
- 
I,-erbicular attontiou r:ril1 ,lre given to failürc lrorie
llaLrsio of'mochanical componoüts 'of, expc.riàonta1 1oà1:s rild. tothc metirods for collocting failurc-{qtâ.uritt, 
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', 
Water reactors 12.3 
Caracterisation des equipements Belgium 
u hrasonores 





In progress \ 
1. General aim 
Development of the-measurement techniques of ultrasonic equipments characte-
ristics for assessing the performances and the reproductibility of inspection: 
2. 'Part.icular objectives 
Development of accurate procedures in compliance with the US-NRC 10 CFR 50 
and ASME Code. Analysis of. the actual characteristics influence 6n the 
performances achieved. 
3. Experimental facilities and program 
F·acilities : 
- Acquis~tion of electronic measuring equipments (spectrum analyser, vect1 
impedance meter,· •• ) 
-Development of equipments for measuring the ultrasonic beam spread in 
steel for metal paths ranging between 0 and 350 mm, and refracted angle: 
between 0 and so• 
- Development of electronic equipment& for recording the beam spread 
measurement results and for gating the echoes. 
Progral!l : 
~Development of procedures for accurately~ checking the characteristics 
of ultrasonic equipments : apparatus, cables, probes. 
- Establishment of a scheme for the periodic inspection of the equipments: 
- Analysis of the influence' of the equipment characteristics on the per-




4. Project status 
The measuring equipments are available and the characterization scheme ha$ 
been defined. 
It was established that : 
- the characteristics strongly affect the performances of, the in.spectiorts 
- commercially available ultrasonic equipments, whichare nominally identical 
can have very· different characteristics and performances. 
5. Next steps 
Quantitative analysis of the influence of different characteristics an the 
. . ... performances and the reproductibility of ultrasonic 1nspect1ons. 
6. References 
Characterization scheme of an ultrasonic equipment for industrial application 
P. CAUSSIN 
Proceedings of the Ispra Courses on Characterization of Ultrasonic Equipment, 
CEC-JRC-Ispra, June 1•3, 1977, 37 p. 
7. AvailabilitX 
Details available at 
ASSOCIATION VINCOTTE 
Departement Etudes 
B 1640 RHODE•SAINT-GENESE (Belgium) 
Borichtszcitr<Jum/Period Klassifikation/Ciassification Kennzeichen/Project Number 
10.1.1977-31.12.1977 1? 1 RS 222 
Vorhaben/Project Tttle Land/Country 
' FRG · Analysis of possible improvements of 
objectivity and documentation of non- Fordernde lnstitution/SpoAsor 
destructive-testing methods for reactor BHFT 
of the Auftragnehmer/Contractor components primary· circuit 
Dornier system GmbH 
bestehender Materialprufverfahren auf Analyse Friedrichshafen 
Objektivierbarkeit fUr Reaktorbauteile des 
I Primarkreislaufes ' 
Arbditsbeginnllnitiated Arbeitsende/Completed Leiter des Vorhabens/Project 
10.1.1977. 31 . 5 1_9_7_8 Dr. Sahm 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Continuing . 31.12.1977 739.426,-
1. General Aims 
( , Feasable methods of non-destructive-testing {NDT) during the work 
"-·· 
inspection of reactor components of the primary circuit are to be 
Leader 
analysed either with respect to objectivity and automatic co~trol of 
the measuring process either with re~pect to objective and automatic 
documentation of the t~st results. General aim of this analysis is 
·to eliminate individual influences in the test process and to reduce 
time and cost consumption in NDT. 
2. Particular Objecti~ 
An extensive documentation of the actual NOT status is basically used 
to define the problems concerning objectivity and automation in NOT. 
A careful inventory of thE~ applied inspection techniques will be 
especially important in this context. Solutions to the above problems 
\_ will be given by a critical review of all feasable NOT methods. The 
usability of future inspection techniques not yet specified in NOT 
of reactor components, will be analysed with regard to physical 
J 
limits of flat,, detection and flaw diagnostic and to technical 
realization. 
3. Research Program 
Actual test situations are fundamental to the research program. Hence 
the first part dea~s 1t1ith the 'definition of typical representative 
test problems. The analysis \vill then proceed in two steps. First the 
actual situation of NOT will be reviewed and secondary the future 














Review of significant NOT procedures and t~eir background 
during the work inspection of ~eactor components for 




List of representative test problems 
Definitions 
Analysis of NDT me~hods 




Fundamentals and physical limits of NOT methods 
Actual standard of NOT methods 
' Analysis of future develqpment 
Analysis of problems 
4. Experimental Facilities, Com2uter Codes · 
5. Progress to Date 
For the inventory of the actual test situation a prescribed form has 
been used in the first step to get an extensive information about 
any significant test problem during the production of reactor 
components of the primary circuit. Furthermore a flaw catalogue has 
beeln made up. In a second step the in-formation has been concentrated 
in another prescr·ibed form by swnmarizing similar test problems 
into typical representative test problems no rnore related to specific 
components. 
6. Results 
The ~rescribed form of the individual test situation contains infor-
mation about components, dra· .. lings, ·materials, specimen geometry, 
' . 
test sequence, test methods, test specifications~ extent of ~he test, 
automation and documentation. The relation between test method, test 
situation and magnitude of detected flaws has been extracted. The 
' ~law catalogue relates the actual flaws in the specimens under test· 
to the flaws detected by NDT methods. The information has been con-
, 
ccntrated into typical representative test problems by comparison of 
the specific test problem with respect to test Qbject, test sequence, 
mater~al and geometry. 
' ' . 
' . 
I i 
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l"\bstract of .the test specifications which allows_ the minimum 
required flav.r magnitude to be stated on ·the precribed forms 
of the representative test problems 
Determination of the actual status concerning objectivity and 
automation of the applied NDT methods by 
• a list of queries 
• interviews with NDr engineers 
Compilation of fu~damentals and physical limits of applied.and 
future NDT methods. 
Relation with other Projects 
Qualitatssicherung - Darstellung des Istzustandes 
Studie uber Persorialqualifikation fur zerstorungsfreie 
Prufungen im Bereich Reaktorsicherheit (RS 216) 
References 
Degree of Availability of the Reports 
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E3erichtszeilraum/Period Klasslfikation/Ciassilication Ke:'lnzeichen/Project Number 
1 1 1977 - 31 12 1977 12.3 RS 102-17 
Vorhaben/Project ,Title Land/Country 
Automatisierung und EDV der US-Impulsecho- ??1"1 
prlifung - Fehlerbildrekonstruktion - Fordernde Institution/Sponsor 
B1-l.FT 
Aultragnehmer/Contractor 
.Automation and electronic data processing Fraunhofer-Ges., Nlinchen 
of the testing with the US-pulse-echo method 
- reconstruction of flaw pictures - IzfP, Saarbriicken 
,_ 
Arbc1tsbegmn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
15.9.1974 31.12.1977 O.A. Barbian 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei!Funds 
Co::1plet.cd December 1977 1.641.600,-- DM 
1 • General Aim 
During the production of reactor pressure vessels both, the basic 
materials and_ the single components undergo a nondestructive and 
fully volumetric test. After the completion of the reactor a 
basic test is made, and then, at certain intervals, fully auto-
matic in-service inspections take place under more complicated 
conditions. This is to locate and evaluate defects. Evaluation 
is effected in a computer after the reconstruction of a three-
dimensional flaw picture not dependent upon the different testing 
methods. These ,flaw pictures are compared with the specifications 
and standards. 
C 2. Particular Objective 
The aim of the investigations is the reconstruction of flaw 
pictures true as to loc:us and geometry. Only such reconstructions 
allow the a~plication of fracture mechanical criteria or empirical 
rules for the evaluation of nondestructively detected flaws~ To 
obtain such reconstruct~on~ the following .steps have to be 
carried out: 
- utilization of information included in echo-dynamics 
(local curce of transit time, local curve of amplitudes), 
- utilization of information included in phase and amplitude 
of the signal, 
. . 
1.1.1977- 31.12.1977 . - 2- RS 102-17 
- adjustment Of reconstruction models to natural defe~ts must be 
better. than the former one (for example finite cylinder, in-
finite cylinder, sphere, ellipse, circle), 
- consideration of subliminal connexions of defects by means of 
neighbouring relations, 
i]oo. 
consideration, respectively suppression of transfer fluctuation~, 
coupling failures, fo~m echoe~, and redisturbances; 
- the results are to be made available in ·a compressed manner 
c:· and for all teSting techniqUeS SimUltaneOUSly 1 i.e. aS three-
dimenSiOnal flaw picture,· which allows· sections in any 
direction. 
, ...... 
3. Experimental Facilities, Computer Codes 
For the realization of this concept it is necessary to work with 
probes, which have a hlgh sensibility and dynamic range. 
l·1oreover, the test systems have to work with different ultrasonic 
test methods as, d..e., tahdem, pulse-echo, V-transmission, focus-
tandem, focus-pulse-echo, etc~ 
An ultrasonic har~ware has to be available, which allows the 
transfer of the necessary signa~s (for example, echo-amplituce 
+ echo transit time, re1sp. i:he envelope of an echo-signal and, 
if necessary~ the .complete high-frequency signal) to the computer • 
. ; . 
This work is done by Izfp as well as the experimental data re-
. cording at artificial and natural defects. 
The software, necessary for data·processing has to be developed 
by the associated institute IPW in ·Freiburg. 
4. Project Status 
The ultrasonic hardware components are completed and built up. 
The function of the single compon~nts and the software program 
of the microprocessor are tested. 
~he IPW in treiburg has completed the development of the software 
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The following are the parts of the software program: 
- determination of the local curves of amplitudes and transit 
time, 
\ - compensation of the amplitude locus curves by parabolas, 
- reconstruction of defect locus in B-picture, 
c: 
• 
- development and determination of signal locus curves of transit 
time, 
r·econstruction of the boundary of the flaws by means of transit 
time locus curves. 
For the reconstruction of the flaws in the far-field of piston 
diaphragms by models of reflectors and their sizes mathematical 
models have been developed which use signal locus curves for 
evaluation. 
The following details are completed now: 
- Development of a reconstruction m9del for voluminous reflectors 
(sphere and infinite cylinder)· (pulse-echo and tandem), 
- Development of a modEd for the classification of reflectors into 
the patterns sphere, cylinder, circle and strip. Two clas~ifi­
cation possibilities have been found: 
a) reduced 'locus curves 
b) distan~e-aependence of the different patterns. 
- Calculation of a.,"llpltitude-locus curves for all models (pulse• 
echo and tandem)/ 
Comparison of calculated and measured locus curves, which led 
to a good agreement • 
- Development of a progra~ in Fortran IV (Computer POP 11) for 
the reconstruction of circle and strip (pulse-echo and tandem), 
- Development of a program for the construction of reduced locus 
curves. 
1.1.77- 31.12.77 4 - RS 102-17 
5.. Next Steps 
Final report of this project. 
6. Relations with Other Projects 
This ,program is partly based on the results of· the reactor. safety 
research project RS 27/1 and RS 27/2 and will be carried through 
in coordination with the still running projects RS 27/2 and 
RS 169. 
,.~ ...... 
,,_,.., 7. References 
















f~~~fikation/Ciasslficatlon Kennzelchen/Project Number 
1 . 1 . 1 977 - '31 • 12. 1 RS 169 . 
Vorhnbcn/Project Title Land/Country 
Entwicklun~ und Bau einer Ultraschall - Prtif- FRG 





Development and construction of an ultra- Koln 
sonic test- and evaluation· electronic inclu-
ding preamplifier box 
Arbe;tsbegrnn/lnitiated Arbeitsende/Completed Leiter ·des Vorhabens/Project Leader 
1 . 7.1975 31.12.1978 Ing.grad. G.Gutmann 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing Decemb~r 1977 DM 763,091.-
1. GENERAL AIM 
r· Developing an ultrasound electronic evaluation system to me.et ,,.._ 
current safety requirements and being universally employable with 
all types of reactors. 
On the basis of experiences gathered up to date and of the techni-
cal development foreseeable for the future this electronic evalua-
tion system is to meet the following requirements: 
'2. PARTICULAR OBJECTIVES 
~laximum number of channels: 60 
l'>1aximum travel rate of the manipulator mechanism: 100 mm/sec. 
Scanning rate: one (1) shot per millimeter 
Also the system shall continuously be monitored for performance 
and stability. 
( 3. RESEARCH PROGRAM 
- Development of the detailed performance scheme with network map. 
- Development of a number of new analysing modules 
a) Min./max. value store 
b) Interferertce analyses 
J 
- Development and design of ~he electronic evaluation system in 
accordance with the stipulated requirements • 
... Testing interaction of the developed modules. 
- Planning work for prototype building. c 
Building of the prototype. 
- Investigations into bus debugging on the prototype. 
.. 
1.1.1977 31 .12.1977 RS 169 
4. PROGRESS TO DATE 
The works of the research program as.specified under 3. as well 
as the design of the testing and evaluation electronic system 
have- been concluded. 
5. RESULTS 
All electronic modules especially required for this electronic 
evaluation system have been developed and tested as functional 
S?mples. The requirements relating to performance, accuracy, and 





: J > 
Designing and development work for the complete task was continued, . 




a) maximum number of channels: 60 
b) maximum travel rate of the manipulator mechanism: 100 mm/sec. 
c) scanning rate of the testing system of one.(1) shot 'per milli-
meter 
d) fully-automatic and continuously.effective performance and 
stability monitoring ~ 
e) maximum acceptable stability tolerance of± 1.5 dB. 
Designing work for the building of the prototype evaluation 
electronic was terminated. 
Planning for pre-amplifier unit miniaturizing was terminated and 
comprised into a funds raise application. 
f 
,__ __ , 6 • NEXT STEPS . 
a) Pre-amplifie~ box 
changing the pre-e~;l!fier box design after the funds·raise 
application ~as been approved 
building the prototype 
b) Electronic 
.- commencing prototype building 
testing the electronic system 
c) Testing the complete system • 
• 
/ 
__ ;__ _____________ ---:--··----·--
Kennze1chen/Project Number 
R S 266 
Vorhaben/Projcct Title Land/Country 
FRG Entwicklung und Bau einer Ultraschall-
PrUfeinrichtung aut Laserbasis zur PrUfung 
von Reaktor-Komponenten 
Forr;,l§.rnde Institution/Sponsor BMFT 
Auftragnehmer/Contractor 
Krautkr~mer GmbH, 
Koln Development and construction of ultrasonic 
test-equipment based on lasers for testing 
reac.tor components · 
~be,~beginn/lnitiated Arbeitsende/Completed 
12 1 
Staod 001' Atbeiten/Status 
continuing · 
Berichtsdatum/L.ast Updating 
12/31/77 2.413.1o6,-- OM 
1. General aim 
With conventional ultrasonic reactor tests the.probes used for 
transmitting and receiving sound have to b& coupled to the 
material to be tested ~y means of a coupling agent. Lasers 
used as sound generator and receiver allow a non-contact coup-
ling. Due to non-occurring variations in the coupling the re-
flectors are reliably detected with this method which ·can be 
used especially with hilh tempe~atures and co~plicated geom&-
tl"ies as well , as nal~ro•..t gaps. The reflecto~s oan be directly 
an~lyzed on account of the provided control of the lasers. ~h• 
aim. ot the project is to construct the prototype of ultrasonic 
testing equipment, _based on lasers for testing reactor co~o­
nents, which is plar1ned ·~o be tested on-site. 
·-· 2, P~rticula0 ob,1!eti VE!.§.. 
:For senerating sound by means of laser p\llses las~rs •re -requi-
red with. a high pul~;e po•nrer and· a high pulse repetition rate. 
Such lastrs are technically reali%able but expensive .. ·In ord.•r 
to optimize the available lasers for this application the r•l~ 
tions between the individual para~et&rs with the cen-ratio~ of 
sound shall be examined thoroughly so as to be ablt to produc• 
the sound pulses ~equired for a special test aas~~-~~ with 
the least possiblo expendit~re in vie~ of tha lasera. 
3., .• Rtsearch progratnme. 
3~1 Determination of the optimal light wave length fo~ the method. 
Study o! literature and experimental investigations ot the 
light wave length dependency of: 
) 






Reflection and absorption o~ the material surface 
Generation of pl'asma 
Transparency of or losses in the optical components 
Selection of the suitable laser according to 3.1.1 to 3.1.3 
Determination of the laser output power required for the 
method 
Investigation of the connection between the optical power 
density on the material surface and the generated amplitude 
I 
of sound 
3.2.2 Determination of the necessary ·sound radiating surface by 







Examination of surface damage and structural changes depend-
ing on the power density on the material surface. 
Examination of the dependency of the time constant of the · 
plasma on the power density on the material surface. 
Selection of the suitable laser according to 3.2.1 to 3.2.4. 
Examination of the influence of the rising flank of the light 
pulse on the shape of the generated sound pulse.· 
Examination of the influence of the light pulse width on the 
shape of the generated sound pulse • 
. 4. Exnerimental faci.lit,ies, computer codes 
To 3.1 and 3.2: 
" For carrying out the e>..?eri:nents optical components were pro.:.· 
cured and optical benches .ordered for the alignment of the 
laser. Reference blocks were produced for measuring the gene-
rated sound intensity. They consist of a broad-band piezo-
electric transducer which is coupled as a sound receiver to a 
cylindrical delay path. The generated sound pulse is delayed 
by the delay path so that it is routed free from interferences 
to the measurecent after the laser pulse and electric inter-
ferences have faded. The reference blocks were calibrated by 
means of beaming ultrasound ot a known amplitude from a con-
ventional piezoelectric transducer into the delay path. 
After the specifications had been established a 100 M1v-laser 
system based on Nd glass was ordered. Sub~ssemblies of this 
system were delivered, however the last extension for 100 MW 
\· 
' ' ,, 
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5. 
pulse 'power has not y~t been delivered. \ 
Progress to date 
To 3.1.1: 
Literature has been ordered~ Rough preliminary examinations 
were carried out with-the radiation of a ruby laser ( ~ = 
694 nm) ,. an Nd-YAG-laser ('). = 1060 nm) and a c'o2-TEA-laser (A.= 10 fliD). The. reference blocks were ·thereby teste_d for 
regular functioning. Then the specific sound amplitudes 
o.btained with the three wave lengths. and related to tbe laser 
power were measu~ed with improved measuring accuracy of the 
light power. 
To 3._1.2: 
The plasma generation of the different light. wave lengths· was 
observed in prelimi~ary examinations. Up to now generating 
plasma was only po~sible by means of focusing·the laser beam 
in a small focal spot, as the final extension of the laser 
system for 1060 nm to the highest power stage is still out-
standing. 
To 3.1.3: 
For the transmission of optical components' such as mirrors, 
lenses, Pockels cells, electro-optical light deflectors as 
well as light conductor cables, the relative data sheets were 
ordered ~~d partly evaluated. 
To 3.2.1: 
As the laser system is not ~et completely extended to the 
highest power in the 100 ~~I range the specific sound ampli-
tude was preliminarily measured using different powers in the 
range of small light powers. Higher power densities were 
achieved·by different degrees of focusing. It was tried to 
convert the sound radiation of different focal spot diameters 
to'a sound radiating area of uniform size so as to achieve 
standardization. 
To 3.2.2: 
A t~eoretical preliminary clarification was carried out. 
/ -~----...;.:_...,l...-________ ...;.__, _ ._____ ,_. __ _ 
I?,BI 
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To 3.2.3: 
In a series of experiments with different -degrees of focusing 
aluminium and steel' specimens were irradiated with different 
light power densities and microscopically examined for sur-
face damage. 
To 3.2.4: 
With the power presently still limited, a small vo1ume plasma 
was generated by focusing and its time behaviour examined. 
To 3.3.1 and 3.3.2: 
. Contrary to the original work scheme these points havel ·already 
been started on as due to the missing final extension ·of the 
laser system to 100 M\'1 power some of the _examinations of 
points 3.1 and 3.2 could not be carried out. The shape of the 
light pulses was measured with a rapid photo detector and the 
shape of the generated sound pulses with a broad-band soUnd 
receiver. For the present the examinations were carried out 
on a single shape of light pulse • 
. ·6. Results 
To 3.1.1: 
I 
The absorption conditions in 'the classical metal optics can-
not simply ·be applied to the light power range which is of 
interest for generating ultrasound. The optical absorption 
conditions were therefore not persued turthe~; instead the 
specific sound amplitude related to the laser power wa~ di-
rectly determined and used for evaluation. The range below 
. the limit of the ,P:.a.sca generation showed that,·. with the wave 
lengths 694 nm, 1060 run and 1? JWD• there are no substantial 
differencE!s with regard to the specific sound amplitude. 
To 3.1.2: 
With high power light pulses, as required for ultrasonic tests, 
it is possible to generate tbe disruption of the air, i.e. an 
·air plasma, by means of ;focusing. When the material surfaces 
were irradiated then much smaller power densities led to plas-
ma generation than.with focusing in air. The plasma generation 
depends on the surface quality of the materials. It was estab-
----·--------:----:---------~-----------
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lished that the generation of a plasma affects the sound ampli-
tude·. The results obtained by means of these small spherical 
plasmas are not yet sufficiently informative as they are not 
. simply applicable to a more extensive (order of magnitude cm2 ) 
flat plasma. The generation of plasma starts at ~o;um wave 
length with lower light power densities than at shorter wave 
lengths. 
To 3.1.3: 
The first evaluations showed that these components are much 
easier to be used for the wave length range in the vicinity of 
visual light. They are obtainable especially £or'1060 nm and 
the power range of interest. The attenuation in fib~· optics has . 
to be examined yet in detail. 
To 3~1.4: 
On account of studying the relative literature and by compa~ 
~ing the pulsed light power lasers available in the ma~ket the 
types of laser sui table for generating ultrasound \fere selec-
ted thus confining the possible wave length range by practical 
facts. 
Two of the laser types ·\vhich were taken into consideration'-
N2 laser, ruby laser, Nd-Yag or Nd glass laser and co2 laser-· 
are out of the question, namely the ruby laser because of the 
limitation of the pulse repetition rate due to physic.al pro-
perties and the N2 laser because the pulse duration and pulse 
power are too low. 
co2 lasers produce the necessary power with 'high efficiency. 
High pulse ·sequences are possible due to increased cooling by 
means of gas circulation. The pulses are probably too wide for 
generating ultrasound for material testing. The temporary de~ 
cision is therefore in favour of Nd-glass or Nd-.YAG lasers. 
This type of laser has a suitable pulse width and its wave 
length is·within a range where the radiation can be easily 
focused and transmitted by light conductors. The necessary· 
light power and pulse repetition rate can be realized with 
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To 3.2.1: 
It was detected that with .low light powers the increas~ ot·the 
sound amplitude was linear with the light power. With high 
light powers the sound amplitude first increases in.a super-
·proportional manner an~ finally reaches saturation. Preqently 
with this result of high powers there is still considerable 
uncertainty because the sound radiating area was different in 
size due to the differing.degree of focusing and considerable 
corrections were necessary to the measuring results for· com-
paring. 
To 3.2.2: 
The generated sound pulses have a shock wave characteristic. 
From the known acoustic conditions when testing with shock 
· waves it !ollO\'IS that, for the generation of the desired di-
rectional characteristic, the suitable sound radiating area is 
. 2 
appr. 80 mm • 
To 3.2.3: 
As the final extension of the laser system is still outstand-
ing the results had to 'be exterpolated, for the time being, 
I 
from focusing series. It_was established that power densities 
of up to appr. 1 r~/mm2 did not yet cause any damage to the 
.surface. Beyond this limit slight~ material abrasions occurred 
'"i th different power densities depending on the material ·and 
the surface quality. 
To 3.2.4: 
Time const~~ts were found in the range of appr. 100 ns. This 
result obtained with.smn.ll spherical plasmas is not easily 
applicable.to the future conditions of larger areal plasmas. 
because it is possible that the cooling down of the plasma 
proceeds differently. 
To 3.3 .1 and 3. 3 .• 2: 
With the given pulse shape - a symmetric Gauss pulse ... the .. 
shape of the sound pulse corresponds with the shape of the 
light pulse. The result does only apply for the light power 
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7. Next steps 
To 3.1.1 and 3.1.2: 
The results shall. be examined in the range of higher power· 
densities (appr. 100 MW/cm2 ) thereby including the plasma 
generation. 
To 3.1.3: 
The attenuation and the maximum load with fiber optics shall. 
be examined in detail. 
To 3.2.1, 3.2.3 and 3.2.4: 
The examinations shall be c.ompleted by experiments and measu-
rements in the power range above the limit of the.pla~ma gene-
ration. 
To 3.3.1 and 3.3.2: 
The measurements shall be extended to the range of high light 
powers thereby including the plasma generation. In addition 
it is planned to tackle the following points: 
3.3 Determination of the laser pulse shape most suitable for 
the method • 
. 3.4 Determination of the highest pulse repetition rate that is 
possible with this method. 
3.5 Deteroination of a suitable method of generating the direc-
~ tional c~aracteristic of the sound beam required by the 
test assignment. 
8. Relation with othe~ uro~ects 
9. References 
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Krautkramer, Koln Onward Development of Nondestructive 
Testing Methods for In-Service Inspection 
of Reactor Power Plants 
Arbellsbeginn/lnilialcd Arbeltsende/Completed 
1.2.1 6 0. .1 8 
Slar'ld der Arbeiten/Slalus Berlchtsdatum/Last Updating Bewilllgte Mittei/Funds 
ContjmiiM·. 4.68 
1. General Aim 
Basing on the work carried out under.the Federal ~esearoh Pro-
gramme RS 27, RS 27ol and RS 27o2 the target of the present 
project is to achieve further progress in the development of 
inspection techniques and equipment for in-service inspection 
of pressure vessel$ and, on completion or •the ·work desorib,ed 
herein, to establish a means of remote-operated volumetric 
inspection or the entire reactor pressu~e vessel according to 
present-day technological. standards. This development proJect 
relates to ultrasonic ipspe~tion techniques only. Volumetric 
inspection or the entire pressure vessel is a target whiCh 
calls tor all participant firms to make further progress in 
~he development 1n inspection systems and inspection teohni-
• I 
quesl manipulators and •+eotron1o equipment. Participants in 
this progra~~• are the Federal Institute tor Materials Testing 
and the firms ot Krattwerk Union AO,.KrautkrKmer GmbH and 
Maaeh1nenfa.br1k Augaburs-Nt1rn'berg AG (M.A.N.). 
1be propa,,..me· 11 sub-d1v1de.d into the following area.st 
' 
1. Basic atudiea or ultrasonic 1napeotion methods and 
optimization or detection and analysing teohni~ue1. 
2. Conceptual design or 1nspeotion aystems to imp~ove 
the p~obab111ty or !'aul.t detection in di!'!'etrtnt 
1nspeQtion areas. 
I 
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;. Development, fabrication and trials or internal 
and external inspection manipulators with a view 
to achieving the goal or complete volumetric in-· 
spection or the reactor pressure vessel by auto-
mated equipment. 
4. OmoJard development of components and methods to 
improve data logging, data processing and display/ 
printout sys.tems • 
3. Re search Programme 
The research programme embraces the following work: 
),1 General 
The general aim of the research programme is to make·further 
progress'in the development of ultrasonic inspection. techni~ 
ques with a view to increasing the probability,of fault 
detection and improving the interpretation of the inspection 
-
results. This includes research into techniques for the 
analysis of indications, e.g., focus technology or line 
holography, and preparations for practical application. The 
tasks call for extensive theoretical and experimental 
research. 
).2 Xnspection Systems 
Special inspection syste~s must be developed for the in-
spection of close-to-~urface zones and of lugs and supports 
welded to the inside and outsid~ of the reactor pressure 
vesse.l. The task involves testing a method of monitoring 
the stability of the probes durin~ the course or inspection 
work. The.task also includes the development of a probe with 
adjustable sound beam parameters for special inspection 
applications, e.g., for inspecting the ligaments in areas 
of penetration holes for control rods. 
3 ·3 rJianipulators 
New manipulators are being ,developed and current manipulators 
are being improved tor remote-controlled inspecti·on of the 
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following areas of reactor pressure vessels: 
- Ligaments in areas of control rod penetration holes in 
the bo.ttom closure and closure head 
-External inspection of transition weld between .cylindrfcal 
area of vessel and spherical bottom (BWR) 
- Inspection of inner radii of small nozzles 
- External inspection of flange at bottom of vessel and 
at closure head 
- Extended external inspection of cylindrical area of 
vessel \'11th automatic transfer of inspection car from 
one longitudinal rail to another. Motions under computer 
control. 
·3.4 Data Logging 
4. 
For processing the data of automatic ultrasonic inspection 
the capacity of data logging equipment must be increased to 
accommodate the increased flow of data. Existing programmes 
are being increased to improve software and the interpretation 
quality of display and printouts. 
Exoerimental Facilities, Computer Codes 
The research programme envisages laboratory tests to establish 
the capability of inspection equipment for individual in-
spection techniques as well as the provision of working models 
of manipulator components. Various computer codes are used to 
establish the best parameters of inspection systems. The task 
includes the provision of further computer codes for 
evaluation and display/printouts of the data obtained during 
inspection. 
s. Progress to Date 
During the period under review~ three-dimensional computer 
program~es were completed for echo dynamics for tandem and 
pulse echo methods with longitudinal waves taking into 
connidorationpossible inclinations of the reflector in two 
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The influence of curved· surfaces on the sound field was 
investigated and DGS .charts determined for sensitivity 
settings in order to develop focussing technology • 
. Tests were. made on a large vessel wall specimen to establish 
an appraisal algorithm for the flaw size of indications found 
during recurrent ultrasonic inspections. 
A probe with adjustable sound beam parameters has been 
designed. Tests were carried out with t~e complex probe 
carrier in order toetablish the variations of frequency 
spectrum and beam angle variations. 
The experimental investigations aimed at the development of 
automatic stability control of ultrasonic probes have been· 
completed. 
Design work was continued on the folloi'ling manipulators: 
- Universal manipulator tor outer surface inspection of 
the cylindrical parts.of the reactor pressure ve~sel 
and the nozzles using an automatic transfer of the 
manipulator from one longitudinal track to .the next 
Manipulator for extended ligament inspection on the 
bottom closure of the boiling water reactor 
- Mani~ulator to inspect the transition weld between 
cylindrical vess~l surface and spherical bottom from the· 
outside 
- Manipulator for inspecting the flange of the ·top head 
dome and. the lower part of the pressure vessel. 
Engineering solutions for· an analysis manipulator and a . 
suitab~e manipulator for the internal inspection of nozzle 
welds and nozzle radii on small nozzles were investigated. 
vli th a view to improving the evaluation of tandem probe 
inspection, statistical studies were made.of the transfer 
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made for the length and depth of the no-signal gaps • 
• , I 
To improve data presentationJ theoretical studies were made 
' 
on reflector locating based on pulse travel time. 
A hard\o;are concept was developed for the _process.ing of 32 
ultrasonic inspection functions and the implementation of a 
variable-volume integration. 
Results 
A comparison of observed and predicted values to 'establish 
the influence of the inclined position of flat bottom hole 
reflec.tors showed good agreement for X- and Y -echo dynamics. 
It was found that the thepretical model on the strength of 
the good agreement with experimental information is suitable 
to serve as a basis for inspection system p~anning and 
optimization. 
0.1° increments of angle variations for beam and.squint 
angles of the probe with variable sound parameters in order 
to be able·to use this probe also as an analysi~ probe. 
Suitable variables for the automatic stability checking of 
probes are provided by ultrasonic .indications from the probe 
measured by means <>f the test crystal a."'ld/or additional 
control crystals. 
For all manipulators referred to there are partly conceptual 
designs and detailed designs available. 
The study of reflector locating by means of 3 probes has 
shmm tbat even small tolerances in pUlse range measure-
ment are liable to cause unacceptable errors in locating 
the reflector • 
. 
1. Next Steps 
Work on the current project is expected to be completed in 
September 1978. In the case of some points - especially the 
., 
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8. 
extended ligament inspection and the computer-assisted exter-
' nal surface inspection of the cylindrical reactor pressure 
vessel area, it will be necessary to continue the work beyond 
that date. In the case of bottom closure inspection, it will 
be necessary to carry out investig'ations into inspection 
technique and manipulator developments whereas in the case 
of th.e external surface inspection of the cylindrical reactor 
pressure vessel· area further development will. concern mainly 
the manipulators. 
Relation with Other Projects 
Reference is made to what has been said in Report A 74 with 
regard toRS 27o2. 
~. References 
lo. 
During the period under review~ the following summarizing 
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A relatively small number of reports have been issued. 
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zerstorungsfreie Prufung an drei HSST-Platten Hunchen 
' 
IzfP, Saarbriicken 
Arbe1tsbcginnllnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
10.1.1977 31 .·12. 1977 Dr G Deuster 
Stand der Arbe1ten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
completed December 1977 1 • 2 4 ~. 100 DM 
. \ . 
1. General Aim 
It is to demonstrate for 3 plates out of the american HSST-
program how the NDT-results according to a certain testing 
procedure ·can agree or disagree, if every participating country 
does use all instruments available and trained people. 
2. Particular Objektives 
2.1. Non-destructive a~alysis with standard methods of detected 
f.aul t areas. 
2.2. De~cription of faults·concerning their shape, orientation, 
kind and structure. 
• 
2.3. Possibilities of. detection and description of faults, 
applica~ion limits of the used testing methods. 
3. Research Prooram 
There \'lere applicated all standard methods at the time available 
for the· 3 HSST-plates as used during fabrication, basic and in-
service inspection. 
As for as these methods are automated a comparison was also 
made to hand testing. After detection of'fault areas analytic-
methods were used for interpretation. 
I 
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For inside_faults: 
3.1. Ultrasonic impulse-echo, focus 
3.2. Ultrasonic-tandem 
RS 247 





3.5. Ultrasonic~high-frequency scattering and absorption 
3.6. Radiography 
For surface - faults: 
3.7. Magnetic particle test 
·3.8. Multi-frequency-eddy current 
' 3.9. Potential- and ma~netic leakage flux~technique 
3.10. Ultrasonic surface waves 
4. Experimental Facilities 
Manipulator, data collecting and evaluation systems from reactor-
safety-programs RS 1o2-16, 1o2-17, 1o2-18, 1o2-2o, RS 27 
NOT-standard equipment, 
radiographic.instrurnents 
s: Progress to Date 
For the 3 test pieces (see appendix) a total program was set up 
together with all-di~ferent institutions. 
At first thera \v-as ::nade by RtVTUV and IABG a impulse-echo 
examination according to the prescribed test-procedure; also 
the plates were proved corresponding Gernan guide lines. 
For certain areas the impulse echo testing·results were. collected 
automatically by ~he IABG. In order to co~p~ehend the surface 
faults Rv1TUV made a magnetic p·artic::le test. 
The Izfp performed US-impulse-echo, tandem-and -pitch and catch 
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test specimens were investigated with acoustic holography and 
US-high-frequency scattering'in order to determine grain size 
and inhomogenities of structure. 
For surface inspection there were used eddy current; potential-, 
magnetic leakage flux- and surface waves-techniques. 
Also radiographic measurements were made by MPA-Stuttgart. 
' . 
The' BAM-Berlin performed also US-impulse-echo, Tandem and focus 
techniques, in fault~araas there was used the line-holography. 
' 
K~ru-Erlangen used volumetric automatic inservice inspectiqn 
methods an two plates especially in the area of welding seam, 
in addition to that a lot of hand tests were made. 
From each institution reports were written. 
The IzfP has made in the meantime a first evaluation (see VJ-Be-
richt 2. Quartal .1977). 
6. Results 
6.1. For the inside fault testing (see point 3.1. - 3.6. as an 
example the TestspE~cimen, S0-51) the results are sh~ron 
from the single institutions (fig; 4, 5, 6, 7). They show 
a lot of individual faults and a continuous fault area in 
the welding seam and the heat-affected-zone. For the 
discontinui ties·· an exact coincidence is not al\'rays to 
discover. 
• ;~;..1 
The ~s-scattering techniques serves for detection of material-
anomalies and for grain-size-deter.mination in ·the regions 
of weld1~g seam, heat-affected-zone and base material. The 
test-specimen-s'tructures were of a very different quality, 
\'rhereby the inhornogeni ties were found preferably in the 
base material especially in the centre of wall thickness. 
The grain-size determination provided average values between 
AST~1 6 and 7 • 
6.2. Concerning the surface-testing (see point 3.7.-3.10.) a 
good conformity was noticed. For the cracks which were 
found by RWTUV the Izfp execui ted o.rack-depth-measurement 
i 
t 
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with the potential- and magnetic leakage flux-technique, 
whereby a maximum depth of 4 mm was detected. 
7. Next Steps 
The IzfP will write a HSST-final-report in the near future, where-
by the single NOT-techniques are compared each other and their 
applicability with regard to fault-detection and interpretation 
is proved. out of these results a recommendation is given for 
the destructive-testing in the fault areas. Then evaluation of 
acc~racy, ~eliability and applicability of the single techniques ' · 
is possible •. 
l ~ t ~ : ' ' \ ·~ ' : 
8. Relation with other Projects 
: i :' .1. 
For1·detection and interpretation NOT-methods of f?Lult areas see 
RS-t'eports. 
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Bl'nCillszoltraum!Period ~l~s~i~kation!Ciassilication Kennzeichen/Project Number 
1 1 7 7 - 11 12 7 7 RS 249 
Vorhaben/Project Title Land/Country 
Entwicklung eines elektronisch fokussier- und FRG 
schwenkbaren Real-Time-Abbildungssysterns fur Fordernde Institution/Sponsor 
die Ultraschall~Werkstoffprufung BMFT 
Auftragnehmer/Contractor 
Fraunhofer-Ges., 
Development of an electronically focus sed Niinchen 
and steered real time imaging system for 




31.12.19 7 Leiter des. Vor~abens/Pr~[':lct Dr. ;'J. ,Gebhar t Leader 
Stand der Arbei:en/Status Berichtsdatum/Last Updating Bewilligte' Mittei/Funds 
377.000,-- DM Continuing . Dec . 1977 
1. General Aim 
The aim of project RS 249 is to explore the applicab~lity of 
phased array techniques in non-destructive testing. Based upon 
these investigations a real-time imaging system for basic and 
repetitive inspections·· of reactor pressure vess.els is to be 
realized. 
2. Particular Objectives 
While the field characteristics of 11 Conventional 11 ultrasonic 
transducers are determined by the geometry of a single trans-
ducer, in the case of ~ phased array a more or less number 
~~ of transducer elements contribute to the field structure. By 
....,__ 
variation of the am~litude and phase steering of the trans-
ducer ele~ants the ultrasonic field can be influenced definite-
ly: normal and angle probes as well as focussed probes.can be 
substitute& by a single array probe. 
From the application of array techniques in non-destructive 
testing one expects the construction of an inspection system 
that is applicable both for flaw detection and for flaw ana-
lysis. The fast flaw detection could be done.with wide opened 
beam in real-time B-scan, whereas the flaw analysis can be done 
with fixed and focused beam by A-scan. 
3. Research Program 
3.1. Market investigation. 
- _., ·. 
. . \ 
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3.~. Literature research 
3.3. Physical basics 
3. 4 •• •1easurement and computation of field characteristics of phased 
arrays 
3.5. Conception and construction of an electronically steered and 
focussed pulse-echo system. 
4. Exoerirnental Facilities, Comouter Co~es 
s. 
To explore ~he ultras~nic fields of array-probes an electronic-
ally steered and focussed transmitter system has been built. 
The phase steering was realized by means of a programmable 
word generator. The power amplifiers were developed and built. 
An 8 element array and a 16 element linear array served as 
probes. ~he measurements of the sound pressure distribution 
were performed at stepped and at cylindrical specimens with 
electro-magneto-acoustic and piezoelektric transducers. 
A medical phased array \'las ordered and is installed in the 
·meantime. &~ electronically steered and focussed pulse-echo 
system is completed so far that we can begin to experiment 
with various probes in the near future. 
Progress to Date 
~~ ~he literature research and the market investigation are 
completed. Field characteristics of phased arrays were cal-
culated th~oretically. Thereby the following two cases were 
distinguished: array in a fluid and array on a solid. 
The field characteristics of several array probes were measur-
ed and compared with theory. 
&~ electronically steered and focussed transmitter system was 
built. 
An electronically steered and focussed pulse-echo system is. 
in construction. 'l'hree possibilities for signal delay were 
investigated: CCD's (charge coupleC:. devices), tapped delay 
lines and voltage controlled phase shifters. The investigations 
brought a decision in favour of the ccn~s (large bandwidth 
. I 
large delay range). CCD's are digitally controlled analog shift 
-----------------------
(~, 
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registers. 'i'he clock generation is made by 32 MHz frequency 
synthesizers. 25 W power amplifiers are used as transmitters. 
6. Results 
The literature research has shown, that· phased arrays are 
applied almost exclusively for the medical diagnosis~ The 
following companies offer complete systems: Diagnostic Elec-
tronic Corp., Grumman Health Systems, Varian, Oldelft. The 
importance of the phased arrays for non-destructive testing 
has been recognized. Firms and institutes all over the world 
1;-13· 
are working' in the development of such devices for non-destruc-
tive testing, but until now no system is available commercially. 
The development of a hybrid phase controlled pulse-echo system 
by B~ttelle-Northwest for the EPRI, for investigations at 
reactor pressure vessels illustrates the interest in such 
systems .• The probe of this system is a 120 element array • .bUlk 
waves in 9 bearings and shear waves in 15 bearings shall be 
excited. ~he operation is planned to be switchable from 
pulse-echo to holographic mode. 
The Electroscan, a medical prototype developed by SOMER, was 
tested by the Izfp. '.rhereby measurements at steel and PVC-
specimens with 2 mm, 4 mm and 6 mm bore hole's in depths of 
30 and 60 m."n were conducted. Though the array probe was not 
adapted to these matt~rials, the received B-scans demonstrate 
that, phased arrays could be employed already today in non-
destructive testing. 
If a transducer of width ~/2 is radiating in a solid (A is the 
bulk wavelength), the farfield characteristic is cos-like. As 
a consequence of the directivity pattern of such transducer 
elements the intensity of the main beam decreases with increased 
bea~ing. Inside the sector of -30° to +30° the directiv~ty 
pattern for the cases "array in fluid" and "array on solid" 
are almost identical, since in this region the pattern of the 
elements for both cases have no appreciable difference. At 
greater bearings however, the level of the main beam is reduced 
drastically. At 55° this reduction is e.g. ea. 10 dB. 
t' ' 
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The ultrasonic field of several array probes and their elements 
were measured. The measured and computed bearings were in good 
~grecment. A sector of 45° with 25 bearings could be realized 
whereby the side lobe level was ah1ays better than 10 dB. In 
the nearfield (nearfield length ea. 75 mm) various focus depths 
were 'realized by a quadratic phase steering of the transducer 
elements. So the half main beam width was decreased by a 
factor 3 in a di'stance of 40 mm from the probe by focussing at 
this plane. Deviations of the side lobe level and the direc-
tivit;y patterns of the elements can be used as a measure of the 
mechanical coupling. 
7. Next Steps 
- Completion of the pulse-echo system, 
-development of various arrays for shear- and bulk waves, 
which are specialized for different inspecti~n modes, 
~ conception of a smaller, bearable electronically steered 
pulse-echo system ,,.,i th minor fl·exibili ty for hand inspection 
and for appl{cation as stationary probe. 
8. Helations with ·other proj~: none · 
9. References 
A survey of about 126 references is given in a technical 
report (Izfp No. 770117). Most of the experiments cited above 
are discussed in tne technical report Izfp No. 770237. 
10. Degree of Availability of the Reports 
-By GRS, Glockengasse 2, 5000 Koln 1. 
~c:i1h~~~ftra~m/:31'i~1 2 , 7 7 Klassifikation/Ciassification 12.3 Kennzeichen/Prc;ject Nurnber :1S 102-1o/I 
Vorhabcn/Project Title lziQ:l).Country 
~r..~..; 
• Non-destructive structur6 evaluation by -F..brc!a~de Institution/Sponsor 
means of scattered ultr.asound .0'' - ' . ·- ... 
Auftragnehmer/Contractor 
Zcrstorungsfreie PrUfung des Gefugezustandes Frauenhofer-Ges., 
mittels UltraschallrUckstreuung Ml.:.r.chen 
IzfP> Saarbrticl<:en 
Arb.:!it:.bcginn/lnitiated Arbeitsende/Completed leiter des Vorhabens/Project lead or 
1.5.1973 31.12.1977 Dr. !{, Goebbels 
Stand der Arbeitcn/Status Borichtsdatum/Last Updating Bewilligte Mittei/Funds 
Completed December D~·i 894.000,--
1. General aim 
Among other things the material constants of steels are struc-
ture-dependent. Therefore, the determination of the structure of 
steels is an essential task and has to cover the who~e volume, 
especially for big components like reactor pressure vessels. 
Under this category the structure of welds is to regard, too, 
and the evaluation has to be done in a ndt way. NDT methods for 
these requirements are not yet technical standard, but in an 
advanced stage of development. 
Another important point of interest is the d~tection of defects 
- both real and latent - as flaws in the presence of a high 
coherent noise level, for example austenitic steel welds, the 
accumulation of inclusions in certain material areas and the 
proof of residual stress. 
2. Particular cb;ective 
Measurements of scattered ultrasound ea~ be used for qualitative 
and quantitative determination of metal structures (grain size, 
impurity distribution}. Compared to attenuation measurements, 
they present e.g. the following advantages: 
- no need of plane-parallel, polished test specimens, 
- evaluation of the structure inside the material, 
quantitative separation of absorption w~d scattering coeffi-
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• 
- quantitative grain-size determination, independent of other 
methods; 
'l'he included impurities, generally differing in size from the 
grains, uecome detectable when measuring scattered ultrasound at 
appropriate frequencies. 
Inner tensions cause changes of the elastic constants of the 
material, which lead to changes of the velocity of elastic waves. 
For that reason, velocity measurements are done using tne pulse-
echo overlap method. 
The reduqtion of the coherent noise level, e.g. at the ultrasonic 
examination of 'coarse-grained ma ter.ials and cl added reactor 
pressure vessels, is possible when us~ng signal averaging methods. 
In this respect several averaging methods (variation of pro_be 
position, excitation frequency or beam angle) are under consider-
ation. 
3. Research program. 
In 1~77, there were the following points of special interest: 
.- 3.1. measurements on austenitic materials an4 welds for detecting 
the microstru=tures and to improve the signal-to-noise ratio 
by using the_ several averaging methods. 
3.2. Scattering ·and attenuation measurements at ferritic steels for 
detecting the structure of bulk material and weld_with regard 
to the inclusions. 
3.3. The laboratory apparatus for scattering measurements was 
modified to enable investigations in nuclear power plants, 
for example. 
------------------------------------------1>'' 
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4. Experimental facilities, computer codes 
For very accurate measurements of ultrasound velocities and 
attenuation an experimental device (MATEC) is used. 
Scattering measurements are made with an apparatus which was 
built. irt the institute, marked especially by an analog-digital 
converter (100 MHz sample rate) and the on-line evaluation of the 
scattering measurement in a computer. 
For the averaging measurements the ultrasonic pulse generating 
system differs from that one of the apparatus (see above); the 
signal processing system is the same. 
5. Progr',: d. ate 
The applicability of the different averaging techniques for the 
examination of coarse-grained materials was shown. 
The results concerning scattering measurements on steels with 
inclusions are sunwarized in a report. 
The proj,ect itself was completed. 
6. Results 
- Several austenitic weld specimens with welding defects were 
C: examined. Wnen using the averaging methods more defects could 
be detected than witil usual ultrasonic testing • 
• 
- Inclusions in the bulk materials in several forms (microcracks, 
impurities whether metallic or not) could be detected. At the 
moment the discrimination between the different types- of 
inclusions is impossible. 4t 
- Ferritic welds have been examined. Among others there was a 
. . 
narrow gap welded specimen. It showed the best results in 
regard to attenuation. 
7. Next steps 
The project was completed. 
. 
----------------------~---·~·.~~~~··· .. , ' ':<• ~' ' 
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B. Relation~ with other projects 
Work concerning austenitic steels in RS 102-16/1 and RS· 143, and 
the signal averaging methods in RS 102-16/1 and RS 273 are tuned 
together. 
9." References 
K. Goebbels, s. Kraus, ·w. Zinunermann: "Die Beurteilung inhomo-
gener Geflige durch Ultraschallstreuungsrnessungen". IzfP-Bericht 
Nr. 770517-TW 
' K. Goebbels, S. Kraus, O .. A. Barbian: "Ultraschallprlifung grob-
korniger Werkstoffe. Verbesserung des Signal-Rausch-Abstandes 
be.im Vorliegen koharenten Untergrundes". IzfP-Bericht Nr. 
770916-'l'N 
K. Goebbels, S. Kraus, w. Zimmermann: "AbschluBbericht zu 
RS 1o2-16/1". IzfP-Ber1cht Nr. 781001-Ti'l. 
10. Degree of availabilit~ of the reports 




Bcrlchtszcitraum/Pcriod Klasslfikatlon/Ciasslfication Kennzeichen/Project Number 
S •' nt 1 - DP.c 11 1q77 1 2. 3 RS 273 
Vorhabcn/Project Title land/Country 
E1·hohung der Auffindwahrscheinlichkeit von FRG 
Fehlern durch Vcrbesserung des Signal-Rausch:-- Fordernde Institution/Sponsor 
Vurhi"iltnisses bei der Ultraschallprlifung. B~IFT 
Toil II Auftragnehmer/Contractor 
of Fla,.;s Battelle-Institut E. V. Enhancing the Detection Probability Frankfurt am Nain by Improving the Signal-to-Noise Ratio During 
Ultrasonic Testing. Part Il Kraft,.,erk Union AG 
Erlan9:en 
Arbei!Sbcginn/lnitiatcd Arbeitsende/Completed leiter des Vorhabens/Project leader 
S•-:!nt. 1. 1977 Dec. '31. 1977 D1·. R. von Klot 
Sta'ld oer Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/F~nds 
Continuing Dec. 1977. DN 441,994.00 
1~ General Aim 
r~ The investigations conducted under the above project are aimed at 
"'-...· determining the maximum possible signal-to-noise ratio by 'means 
the signal averaging technique during the ultrasonic testing of 
reactor pressure vessels for flaws in the vicinity of claddings, 
and at increasing the testing velocity. 
of 
The effect of the various parameters on the signal-to-noise ratio 
is to be systematically investigated. 
2. Particular Obiectives 
· Since the coherent coarse-grain noise is disturbing in the ultra-
sonic testing of reactor pressure vessels for· flaws in the vicinity 
of claddings,.it is to be reduced.relative to the flaw echo. For 
..... _. this purpose the exponential signal· averaging technique is used, 
wh~re the probes advance nt a constant speed. 
The signal processing speed of the signal averager is to be in-
creased ~uch that the speed of advance of the probes can be raised 
to about 50 mm/s. This must, however, also permit real-time pro-
cessing of the echo signals, wh~ch requires a high repetition 
frequency. 
The maximum possible signal-to-noise ratio is to be determined 
for different probe arrangements. The effect of the following 
parnrncters on the signal-to-noise ratio is to be investigated: 
- Frequency and angle of incidence of ~he ultrasonic waves emitted 
by the probes 
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- Signal preprocessing (rectifying, smoothing, taking the logarithm) 
\'lcighting factor of the signal aver,ager 
J. Research Program 
).1. Vurchase and modification of the signal averager 
).2. Extension of the ultrasonic flaw tester 
J.J. Laboratory experiments on a clad specimen with artificial flaws; 
variation of signal preprocessing 
).4. Experiments on a test piece taken from.the wall of a pressure 
vessel at IGVU, Erlangen; variation of probe arrangement, fro-
~.\ quency and angle of incidence of ultrasonic waves 
4. Experimental Facilities, Computer Codes 
I 
Ad ).1. Purchase, modification and trial of the signal averager; 
selectable number of digital points per signal, thus in-
crease in signal repetition frequency. 
Ad ).2. Extension of the ultrasonic flaw tester, installation of 
several ·analog outputs for the HF signal. 
Ad·J.J. Supply of a clad test piece of 22 NiMoCr J.7 (Fig. 1) on 
loan by IzfP/Saarbrticken. Dimensions 290 mm x 270 mm x 
140 mm, thickness of the austenitic strip cladding 7 to 
8 mm. Artificial flaws: three flat-bottom boreholes of 
J mm diameter and different depths (flaws Nos. 1 1 2 and J) 
and one cylindrical borehole of 2 mm diameter parallel to 
the cladding (flaw No. 4). 
5. Pro~ress to Date 
Recording of the echo amplitude of the four artificial flaws in the 
clad test piece (e.g. Fig. 2) and of the scattered reflections from 
th~ coarse gr~ins of the cladding as a function of the probe path. 
Use of the angle probe WB45N4 supplied by Krautkr~mer (4-)lllz trans-
verse '"'aves, angle of in.cidence 'of ultrasonic '"aves 4LJ: 0 ). Direction 
of incidence of ultrasonic waves and direction of advance parallel 
to cladding strips·, constant speed of advance. The thickness of the 
test zone selected is 22 mm, a value usual in practice (Fig. 1). 
This results in a maximum number of 145 signals per second, l~hich 
~ ' I 
-------------------------
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can be processed by the signal averager after exponential weighting. 
Thd following parameters were varied: 
Speed of advance v = 2.5/5/10/20/50 mm/s 
- Signal preprocessing:. a) High-frequency signal, b) Rectified signal, 
' 
c) Rectified signal on a logarithmic scale 
. 0 . 7 
Weighting factor G = 2 to 2 
'Determination of the signal-to-no.,ise ratio ·from the measured data. 
6. Results 
Ad J.J. Fig. 3 shows several examples of the signal-to~noise ratio 
as a function of the parameters wighting factor, speed of 
advance v and signal preprocessing. The following trends can 
he derived from the results so far available: 
At low speeds of probe advance the signal-to-noise ratio 
as a function of the weighting factor in general has a 
maximum. 
- At higher speeds of probe advance, the signal-to-noise 
ratio in general shows a monotonic decrease with·increasing 
weighting factor. 
- The improvement in the signal-to-noise ratio for the high-
frequency signal (Fig. 3a) is slightly larger than in the 
other two cases of signal,preprocessing (Figs. 3b and 3c).· 
-. The improvement in the signal-to-noise ratio is about the 
same for all the fou~·artificial flaws. 
These preliminary results have to be verified by further 
experimen~s. It is to be expected that it will be possible 
to achieve a further improvement in the signal-to-noise ratio 
by optimizing frequency, angle of incidence and spread angle 
of the ultrasonic waves, and by'reducing the thickness of the 
test zone. 
7. Next Steps-
Ad ].]. Further ~nboratory experiments on a clad test piece with 
artificial' flaws. 
Ad J .11. First .experiments with the test piece taken from the l'iall 
of a pressure vessel. 
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8. Relation with Other Projects 
RS 190 Enhancing tl1c Detection Probability of Flaws by Improving 
the Signal-to-Noise Ratio During Ultrasonic ~esting 
Dattelle-Institut e. V., Frankfurt; January·1976 to August 1976 
RS 2703 Onward Development of Nondestructive Testing Methods for 
In-Service Inspection of Reactor Power Plants 
BAN/Berlin, Krautkramer/Koln, K\~u/Erlangen, H. A .N. /Niirnberg; 
February 1976 to December 1978 
RS 244 Ultrasonic Testing Technique~ for Pre- and In-Service In-
spections for Fast Breeder Reacto~s 
BAN/Berlin; January 1977 to December 1979 
RS102- Non-Destructive Structure Evaluation by Means of Scattered 
16/1 Ultrasound 
IzfP/Saarbrlicken, May 1973 to December 1977 
9· Hc:ferences 
./. 





Fis. 1: Clad test piece with 
fou1· artificial flm>~s; thicl<:-
noss of the cladding strip 
7 to 8 ~n; arrangement of 
the prohu; thickness of the 
test zone 22 mm •. 
I 
Fehler Nr. 
, 2 A 3 4' 












so too mm 
Prufkopfweg 
Fig. 2: Echo amplitude of the 
four artificial flaws as a 
function of the distance cov-
ered by the probe upon varia-
tion of the weighting factor. 
Speed of ~robe advance.20 mm/s• 


























Fi~. J: Signal-to-noise ratio as a functi~n of the weighting 
factor upon variation of the speed of probe advance v 
and the signal preprocessing 
a) High-frequency tone burst, flaw No. 1 
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3.2 Dcsign of the data recording system
-1" j }-nvestigat5.ons on fracture'toughness specimens
l.li licrlr:<:ti-orr of data and determination and optimisation of the
'ri.r.:ir!-ï^ed correlations between measured Atr and fracture mechani=
t-;ii I)l.Ir'[,tilcters
.1.) [nvest5.gation of acoustic wave propagation in thick-waIled
structuraf nar_t1
li.
rrÂ Àcl J.2: To malce freguency, anaJ-ysis of single signals up to aboutë.r;*'' BOO kttz possible, a data recording system was been purchased, whiclr
comprises a two-channel transient recorder ivith itisplay (paid from
Dattclle-Frankfurt funds), a rapid Fourier anaIySer, and a magnetic
tapo clata store (paid from program funds ) includlrrg a special inter=
.. face t-
\
Acl 1.3: Â unj.versal tensile testirrg machine (Instron) rrith hydro=
-f
experj.ments rvLth the single-edge notched (SEN) specimens rnade from
, 
. i,
meâsurements try special noise surpression *"""rr"às r .
Ü For the experiments at ternperatures up to 55OoC ân adequate furnace
Iras purchased, specia[ importance being attachedi to Io.w-noise
operation. ('
!|l
5, Progress to Date
4cl 3.1: I'lodif,ied fracture toughness specimens (Ztl;. 3,, and 4r CT
specimens ) r,'ere made from the ferritië 'steeI ZzNtl,loc 13 7 (heat = itreated in order to achieve 1O0-percent Lorr-tempêfature bainite ) l,
and tl.rc austenitic steeL XlOCrNii\fhft8 9 in aciilition, tânsil"e 
' ,i
specimens lÿere fabricated from broken C? specimens. Some SBN speci=
mens rirore also made from the sBR mater:iaIs, and sil specj-mens of :
the': ' X6CrNilB ' t1 ( 1.49lrB ) steel werb;"heat-treatêd at 65ooc for 1ôoo i
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the crack is only a function of the depth of the crack while U0 is 
1the voltage in the undisturbed case. The theoretical formulation 
of the problem leads to a Neumann boundary value problem 
1.~. Research Program 
1.3.1. Numerical solution of two-dimensional electrical potential 
field problems, the specific optimation of the field sources 
and sinks as function of the geometry of the specimen. 
1.3.2. Development of a three-dimensional Computer-Program. 
1.4. Experimental Facilities, Computer Codes 
1.4.1. Implementation of a finite-element FORTRAN IV program for 
numerical solution of Neurnann-boundary value ·problems. 
1.5. Progress Today 
The Program.11 allO\'lS the solution for general two-dimensional 
geometries with arbitrary sources of the field. 
1.6. R.~sults 
Computation of potential growth c~used by crack-growth in a welded 
joint in flat SP,ecimen and in the nozzel of a reactor pressure 
vessel. 
1.7. Next Stens 
Publication of the results 
1.8. Relation with other Projects: none 
.1.9. References: IzfP-Bericht 750102 TW 
IzfP-Bericht 760214 TW 
1.10; Degree of Availability of the Reports 
Naterialprlifung .:!.§. (1976) 9, pp. 342-344 
-----------· . ----·--- .. ·-·-----· 
() 
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2. Magnetic Leakage Flux Method 
2.1. Particular Objektive 
For ferromagnetic materials \'Thich are flowed through by means of 
direct magnetic field producted by a yoke or by means of a magnetic 
field of a direct current, the magnetic leakage flux measured with 
Hall cle~ents over and near a surface crack is a function of the 
permeability and of the geometry of the crack. The magnetography 
method allows documentation and .signal processing of the leakage 
flux singals. 
2.2. Research Program 
2.2.1. The development of a magnetography signal measure and inter-
pretation unit. 
2.2.2. Theoretical examinations about the influence of surface crack 
parameters as crack-length, depth and width and of the permea-
bility by solving numerically a Fredhom's integral equation .. 
2.3. Experimental Facilities, Computer Codes 
'-· 2.3.1. Fundamental experiments with magnetography are made. 
I 
2.3.2. A FORT~~ IV program for iterative solution of integral 
equation is imple~ented~ 
2.4.Progress Today 
Reconstruction of surface cracks form the measured magnetic leakage 
flux data. 
2.5. Results 
From the iterative solution of the Fredholm-integral equation it is 
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A signal processing unit is building for evaluate magnetography 
signals. 
2.6. Next Steps 
Publication of the results 
2.7. Relations With Other Proj~cts: none 
2.8. References: 
Holler, P.: 
Elektrische und magnetische Verfahren zur zerstorungsfreien Werk-
stoffprlifung. 
In "Neuzeitliche Verfahren der WerkstoffprUfung", Verlag Stahl-
cisen mbH, Dlisseldorf 1973, Seite 139 
3. Electr.ornagneto-acoustic generation of free ultrasonic waves 
3.1. Particular Objektive 
Fcasability-study of an ultrasonic angle probe for austenitic and 
fcrritic steel on the basis of electromagneto -acoustic excitation. 
3. 2. Experimental Facilities and Comput·er Codes 
The equipment has been in essential the same as in 1976 with the 
difference that a pulse magnetization of about the tenfold electric 
power· was used. 
3.3. Project status 
3.3.1. Progress Today 
The investigations concerning the principles of an ultrasonic 
angle probe were extended.to non~ferritic specimens, in 
I 
particular to aluminium and aust~nitic steel (DIN 1.4948). 
Measurements concerning the dynamic range, the detection of 
test flaws and the electronic variation of the angle of 
,. 
' . 
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·incidence were carried out. Besides a E.M.A. receiving coil 
with a one-sided directivity was tested~ Finally some 
experiments concerning the perpendicular incidence of wide-
band ultrasonic pulses were carried out. 
3.3.2. Essential results 
Due to optimization of the geometry of the transducer and 
the electric matching a dynamic range of 66 dB for ferritic 
specimens, of 60 dB for aluminium and of 55 dB for austenitic 
steel could be realized. 
Using a magnetic field directed perpendicular to the sur-
'face of the specimen the angle of incidence could only be 
varied in the range from about 20 ° to 40 °. The generation 
of ultrasonic waves with an angle of incidence less than 
20 ° was not possible. 
· rn austenitic' ·steel a flat bottom hole with a diameter of 
3 mm being situated in a distance of 90 mm to the trans-
ducer, oriented parallel to the wave-front, was detected 
at an incidence angle of 35 ° with a signal to noise ratio 
of 30 dB. 
The receiving transducer with .one-sided directivity consisted 
of two windings displaced about.-~ one from the other. 
The phase of the receiving voltage of one of these windings 
was shifted about 90 ° in relation to the phase of the 
receiving voltage of the second winding. After this phase-
shifting the voltages were added. A forward-back\'Tard ratio 
of more .than 20 dB Has obtained. 
' The experinents concerning the vertical incid~nc~ of wide-
band ultrasonic pulses generated by pancake coils .(for the 
excitation ofradially polarized transverse waves) and_ by 
rectangular coils (for the excitation of linearlYpolarized 
tranverse waves) had .for result signal-to-noise-ratios of 
more than 30 dB for ferritic specimens although simply 
ultrasonic flaw detectors customary in the trade were used. 
\ 
Dependent on the electric specification of the transducer 
the center frequency varied from 1,5 to 5~MHZ. The length 
of the ultrasonic pulse was less than 1,5·:~. 
--------------------------~--------------------------~------~· 
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3.4. Next Steps 





Bcrichtsloitraum/Period l~~Sjifikation/Ciassification / Kennzeichen/Project Number 
1 1 - "31 .12. 77 RS 229 
Vorhal>en/Projcct Title fn~d/Cou~try 
Studie liber die Anwendung des vJirbelstrom-
Jmpulsverfahrens zur Qualitatssicherung von Fordernde Institution/Sponsor 
Kcrnkraftwerkskomponenten _HjVjt< 'l 
Auftragnehmer/Contractor 
' BAM Berlin 
Study on the application of pulsed eddy 
current methods to quality control of 
nuclear power plant components Labor 6.22 
Arbcit:;beginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1 1() 1Q76 _31.12 .1Q77 Dr. G. Hi tt i_g_ 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Completed 31.12.1977 50.3oo,-- DM 
1 • General Aim 
Study of the possibilities of applications of the pulsed eddy 
current method to nondestructive testing of nuclear reactor 
components. The evaluation of the signals generated by the 
test system has to deliver informations about present defects 
\'li th a high degree of statement pm"Yer in a siinple manner. The 
obtained results shall permit a critical evaluation ·if 
experimental investigations \'Till result in SUCCeSSful SOlU t-
ions of detailed testing problems. 
2. Particular Objectives 
Ascertainment of the state of knm'Vledge about the theoretical 
foundations and the foundations in the field of technical 
applications. Critical examination of the evaluation of test 
and investigation results from practical use of the method. 
Obtaining of statements about possibilities of application 
of the pulsed eddy current method for important test problems 
in the field of nuclear reactor components •. 
3. Research Program 
3.1 Compiling of informations 
3.2 Working of statements about possibilities of application of 
the method 
7. 3 :;. 
4. 
Estimations of further developments 
Experimental Facilities, Computer Codes 
Programs for numerical calculations of time and local 
cl:tstrlbutions of pulsed magnetic fields and 'eddy currents 
--------------------~-------- -- -------
, 
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in flat test specimens. 
5. Progress to Date-
Ad .).1 Evaluation of l'iterature about applications and foundations of 
the pulsed eddy current method. Discussion of problems in non-
destructive testing of nuclear reactor components in the frame 
of collaboration in the working-group LA RS~55 ff. 
Ad 3.2 In the case of a plane exciting magnetic field with a pulsed 
shape on the surface of test specimen the following problems 
are numerical calculated: 
1. Distribution ~f the magnetic field strength and the eddy 
current density \'li thin a conducting half-space. 
2. The time-derived signal of transmitted field strength 
through a conducting sheet of finite thickness. 
3. Reflected signals from a coated test specimen (model of an 
austenitic cladding on a ferritic base material). 
Ad 3.3 Estimation of ·p'ossible further development of the pulsed eddy 
· current method • 
6. Results 
Ad 3.1 Applications of the pulsed eddy current method are found 
nearly exclusive in the field of testing of thin-walled fuel 
tubes - irradiated and nonirradiated. By special masking of 
the 6oil systems a higher defect resolution was possible 
compared \·;i th the frequency method. By sampling the signal 
at various points in time and application of a multichannel 
processiug tech~ique a statement about the ·defect' position of 
depth could be obtained. Signal analysis and processing with 
digital.methods are discussed but not yet. state of engineering. 
Ad 3.2 The estimations and experimental preliminary trials showed . 
that there are no hints to fundamental difficulties for 
npp1lcnt1om-: of th9 pulsed eddy current me~hod to testobjects 
\'lith lo\·1 conductivities and defect depth ranges until about 
15 mm. Possible applications are in the field of austenitic 
claddin.Bs, thick-\'lalled tubes and other coll?ponerits. Concerning 





( .. : 
1 'lSJ 
1 • 1. .. 31. 12 • 77 -3- RS 229 
Ad 3.3 For present and future testing problems. in the constructional 
configuration of· the coil systems are to find development-
potentialities. By application of digital methods for signal 
processing and analysis an improvement in information yield 
about test-results could be expected. 
7. Next steps 
8. 
The project is completed. Investigations for applications are 
provided in the frame of the proje.ct RS 299. 
Relations with other Projects 
Collaboration in the working group LA RS 255 ff for the 
projects RS 255, RS 256, RS 257 and RS 258. 
9. References 





· Oenchtszuilraum/Pcriod Klassifikation/Ciassificatlon Kennzeichen/Project Number 
I 1. 1. 77 - 31.12.77 12.3 RS 231 
I Vorhnbon/Projcct Title Land/Country 
i Nehrfrequenz-~Urbelstromprlifung F~G 
Phase 1: Aufbau eines Mehrfrequenz-Gerate- Fordernde Institution/Sponsor 
prototyps BMFT 
Auftragnehmer/Contractor 
Nultifrequency - eddy current testing Fraunhofer-Gesellsch., 
Phase 1 : Construction of a multifrequency Mlinchen 
prototype- IzfP, Saarbrlicken I 
' Arlmitsbegi~nllnitialed Arbeitsende/Completed Leiter des Vorhabons/Project Leader 
1.9.1976 31.7.1977 Dipl.-Phys. R. 3ecker 
i Stand der Arbeiten/Status Berichtsclatum/Last Updating BeY(illigte Mittei/Funds 
I completed December 1977 91.700,-- DM 
! 
1. General Aim 
C\ ,: 
Development and improvement of a multifrequency eddy current 
test equipment (for details see last annual report). 
2. Particular Objective 
r 
Construction of the electronic device 
(for details see last annual report). 
3. Research Programme 
Development of the electronic components and integration to 
L· the final sys tern. 
4. Progress to Date 
Continuation of the. investigations on the electronic circuits 
and their improvement, construction of coil drivers .in the 
absolute and differential mode. 
5. Hesults 
The .construction of the device is finished. 
L. Next Steps 
none 
1.1.77 - 31.t2.77 - 2 - RS 231 
7. Relations with Other Projects 
The prototype will be used for investigations on the suitability 




Dorlchl5zoitraum/Period Klasslfikatlon/Ciasslficatlon Kennzeichen/Pr~ject Number 
1. 1. 77 - 31. 12. 77 1 2._3 RS 255 
Land/Country Vot habon/Projec~ Title · 





KRAFTWERK UNION AG 
Multi-Frequency Eddy Current Testing Reaktorltechnik 
R 214, Erlangen 
Arbeilsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1. 5. TI 31. 3. 80 B. Devrient 
Stand der Arbeilen/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 




To design, construct and test a multi-frequency eddy 
current test unit (prototype) based on the currently 
available test results. This test unit is to meet the 
requirements of the automatic in-service inspection test of 
the press.ure-containing reactor component walls {plated, 
unplated). For this reason it must produce an on-line record 
while be.ing used in the pertinent control area. It is the 
aim of the· venture for the unit to be as broadly applicable 
as possible; it is to be universally used~for both LWR 
types, i.e. BWR and PWR as well as for LMFBR. 
Particular Objectives 
To extend the test findings for S.G. tube testing, in 
addition to the free tube area, .especia~ly for the rolled-in 
sections of the tube sheet, spacers and flow distribution 
. sheet as well as the necking down on both sides of the 
tube bend. 
Test of ferritic tubes used in the interme.diate heat ex-
changers of Na-cooled reactors. 
' 
Comparison of results· obtained: from external tests of 
straight tubes and internal tests of U-tubes in order to 
find a relationship between manufacturing test and 
in-service test. 
,, 
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Test of the multi-frequency method as applied to surface 
testing in order to improve failure detection by better 
sub-surface resolution. 
To design, construct and test a data acquisition system for 
eddy current testing for master data storage, on-line 
evaluation and test data recording. 
3. Research Program 
3.1 Coordination of developmental work 
3.2 Tube- test 
- to erect a S.G. model 
- to apply multi-frequency eddy current method to the model 
- to improve current manipulator system 
- to apply method to PWR S.G. 
- system analysis 
3.3 Surface testing 
- prepare basic test data 
- optimization of characteristic data for test scans 
- applicability of current manipulating systems 
- multi-frequency eddy current test method applied for HDR 
3.4 Data acquisition 
Acquisition, c~mbining and recording of test results. 
4. Test Facilities 
Measurement equipment, provided by KWU, will be used. This 
operates on 4 fre(j_uencles from 1 kHz to 1 MHz, which will be 
simultaneously applied to the test coil. 
The preparation of the pertinent algorithms as well as the 
required soft ware package (m~ster data storage, on-line 
evaluation, recording) as well as specification, concept 
and technical arrangements of the data processing plant will 
be performed under the scope of this task. 
\ \ 
' ' \,..) 
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Progress to Date 
Available S.G. tubes were evaluated and a concept prepared 
for the S.G. model. 
The following work was performed: 
-·supply of S.G. tubes to JFR for testing purposes 
11 lt tl 11 11 IzfP for the S.G. model 
- recording of all spacer types currently used in nuclear 
power plants. 
Evaluation of available test components as well as a pre-
paration of a multi-frequency device specification. Basic 
research on eddy ·current testing of ferromagnetic materials 
was initiated. 
Considerations. of the hard- and software concepts and an 
interface :for connection of each of two eddy current signals 
and for max. ~ channel couples have been made. 
For further improvement of error detection a new connecting 
algorithm was tested on the basis of the cross correlation 
function. 
A detailed specification of multi-frequency eddy current 
device was prepared. 
The hardware-interface was defined with regard to transfer 
rate as well as positioning data and eddy-current signal. 
level. , , 
For determination of the scanner rate, an analysis of test 
error signals was made referring to frequency, amplitude 
and phase position. 
6. Results 
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1. Next Stens 
To: 3.1 Signing of the co-operation contract 
To: 3.2 - Assembly of the S.G. model at IzfP 
- Specification of the test task 
To: 3.3 - Selection of suitable test- and adjusting devices 
for the measurement program 
- Determination of test traces by means of 
instrument parameters 
- Fabrication of test devices for hidden cracks 
- Specification of test matrix. 
To: 3.4 - Experimental checking of the theoretically 
obtained scanning frequencies 
J.jio 
- optimization of the calculation algorithm with 
respect to the highest possible data transfer rate. 
- Investigation of the possibilities of a prompt 
cross correlation as a means for providing a 
yes/no answer on error detection·and the thus 
.resulting data reduction. 
8. Relation with Other Projects 
9. References 
10. "!Jegree of Availabili tv 
' 
'-
Bcrichtszeilraum/roriod Klassifikation/Ciasslflcation Kennzeichen/Project Number 
1. 1. 77 
-
31.12.77 12.3 RS 257 
Vorhaben/Project Title Land/Country 
Anwendungstechnische Versuche zur automati- FR~ 
schcn Pri.ifung der Einbauten von Reaktorkompo- Fordernde Institution/Sponsor 
nenten und deren Wandungen mit Mehrfrequenz- BMFT 
wirbelstromverfahren mit ON-LINE-Dokumentation Auftragnehmer/Contractor 
, 'Investigations the application of the Fraunhofer-Ges., on Munch en 
multi frequency eddy current method on the 
automatic testing of installed reactor compo- IzfP, Saarbrlicken 
nents and their walls with on line document. 
Arbcitsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1.3.1977 29.2.1980 Dipl.-Phvs. R. aecker 
Stand dcr Arbeiten/Status Berichtsdatum/Last l)pdating Bewilligte Mittei/Funds 
Continuing December 1977 1.071.!:>00,-- DM 
1. General Aim 
The aim of the project is the application of the results obtained 
from the preceeding projects (RS 231, RS 102-18) for the develop-
ment and improvement of a multifrequency eddy current test equip-
ment (prototype). This test device has to meet the requirements 
of the automatic recurrent testing of the installed compo~ents of 
reactors and their walls. For this purpose an on-line documenta-
tion as well as the employment in a control range is necessary. 
The application field of the test device is aspired to be as 
large as possible. 
l. Particular objective 
Realization of the test method, development of the needed soft-
ware, adaptation of the test device to the different test 
situations, improvement of the test method at models and real 
reactor components, application. of numerical methods to optimize 
the test frequencies and the construction of the test coils. 
·-
3. Research Programme 
3.1. Evaluation of the optimal test frequencies. 
3.2. Determination of the electric conductivity and the magne~ic 
permeability of a material in an absolute manner. 
3.3. ~pplication of the rnultifrequency method ~o the testing 
"' 
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of the RS 27 wall. 
4. Experimental Facilities, Computer Codes· 
4.1. An existing computer programme has been modified to determine 
the coil impedance as a function of the frequency, the 
material characteristics and the coil dimensions. 
4.2. A second programm~ computes the angle between the readout 
vector and the defect vector for all interesting frequency 
combinations /1/. 
4.3. A third programme varies in the vector space the direction of 
the readout and produces the projections of the defect and 
disturbing vectors to the readout vector with the aim to 
optimize the ratio between defect indication peak and 
disturbing underground. 
4.4. The multifrequency test equipment built up in the scope of 
RS 231. 
5. Progress to Date 
Helation to 3.1: 
For a given set of frequencies the coil impedance is com~uted as 
a function of the relevant disturbing parameters. The angle 
between the readout vector and. the defect vector· is a measure for 
the suitability of a frequency combination. The optimal combina-
tion has an angle which is as small as possible. 
But the results caR even be more improved by means of a small 
rotation of the readout vector. Then the projection of the 
measuring veptor on the new readout vector can yield a greater 
difference between defect indication peak and remaining disturb-
ing underground . 
.. 
Helation to 3.2: 
The impedance of a pick up coil, which is in 
material to be tested, is measured at 50 Hz. 
contact with the 
. 
For this reason the 
\ 
-._. 
--------------------·-·--·-·· ·---- . 
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measurement depends only on the permeability of the material; 
the influence of the conductivity can be neglected. Applying the 
computer programme described in 4.1 a calibration curve is 
produced, which gives the correlation between the permeability 
and the indication peak at given coil dimensions. 
Knowing the permeability, now the conductivity is obtained by 
a measurement of the coil impedance at a higher frequency (z 10 
kHz). This can be realized by means of a second calibration 
curve, which is computed by the same programme in 4.1 and gives 
the correlation between indication peak and conductivity at 
given frequency and coil dimensions. 
Relation to 3.3: 
The multifrequency prototype is outfitted for the applications of 
testing the RS 27-wall. The coils are constructed. The test 
system is optimized and the test is made by means of two fre-
quencies. 
6. Results 
Relation to 3.1: 
The deter~ination of suited combinations of frequencies was 
possible for several pick up coils and austenitic specimens. 
Although the indication peaks of the disturbing parameters were 
not totally suppressed, the improvement of the signal-to-noise 
ratio could pe realized in some cases. 
Relation to 3.L: -
'l'he permeability and the conductivity could be measured in ·an 
absolute and independent manner. So the suppositions for the 
calibration of the test device are accomplished. The variations 
of permeability and conductivity in any combination can be 
suppressed. 
Relation to 3.3: 
After the application of the multifrequency algorithm a distbur-
oing underground remained (except for the region of the horizon-
tal weld), which is smaller than the indication peak of an 
'1164 
1.1.77 - 31.12.77 - 4- RS 257 
1 mm deep saw cut. In the weld sporadic signa~s were found with· 
an indication peak equivalent to 1.5 mm deep saw cuts. The greater 
disturbing underground can be explained by variations of thickness 
of the cladding caused by the grinding of the surface, and can be 
reduced by the application of the 3-frequency algorithm. 
7. Next Ste,ps 
I 
- Bxpansion of the theory, especially to compute eddy current 
distributions in the presence of defects. 
lv' -·Construction of a heat echanger model. 
!""', 
! I .._, 
- Theoretical and experimental investigations on cove~ed 
defects. 
8. Relation with Other Projects 
RS 231, 255, 256, 258. 
9. Re fetences · 
/1/ R. Becker: 
Zur Wirbelstromprtifung dunnwandiger Rohre nach einem Mehr-
frequenzverfahren. 
MaterialprUfung 17. (1975) 7, s. ·238-239 
-------..,..._-------------·-------------··----- ------- -
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Bcrichtszcitrilum/Poriod Klassifikalion/Ciassificalion Kennzeichen/Projecl Number 
July 1 , 77 to Dec. 31 ,·77 12.3 
-
RS 258 
Vorhabon/Project Tillo Experiments regarding automatic Land/Country 
inspection of the built-in parts of reactor FRG 
components and their walls by means of multi- Fordernde Institution/Sponsor 
frequency eddy-current method with on-line BMFT 
documentation for repetitive inspection Auftrglnehmer/Contractor IN TITUT DR. FORSTER 
l\nwendungstechnische Versuche zur automatischen Priifung 7410 Reutlingen 
der Einbauten von Reaktorkomponenten und deren tvandung ; 
mit MchrfrEXJUenz-Wirbelstromverfahren mit On-line l Development department Industrial Processing Doku.-·nentation fiir wiederkehrende Prlifung 1 Ri=>Se<=~rrh 
ArbOitsbeginn/lnitiatcd Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
Narch 1 1 77 February 29, ·80 Dr. w. Stumm 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 




It is aimed at the application of the knowledge gained in 
previous proj~cts for design, construction and testipg of an 
eddy-current test installation using the multi-frequency 
method, considering available test experie'nce. This test 
installation shall meet the requirements of the repetitive 
inspection of the built-in parts of reactor components and 
their walls (plated and unplated} • For this pu~pose is 
necessary an on-line documentation as well as an in-situ 
operation of the test installation. A maximum range of 
application of· the test installation is aimed at; it ought 
to be universally applicable for light water reactors of 
the boiling water and pressurized water design as well 
as for sodium-cooled fast breeders.· '· 
Particular Objectives 
Inspection of austenitic plated surfaces on cracks originat-
ing from the surface as well as from the joint face to the 
basic material. Application of the multi-frequency method 
for improvement of the signal-to-noise ratio by a - compared 
to the single-frequency method·- better suppression of 
characteristic-disturbing influences as di~tance variations 
of the probe and variations in-:ferri te cotit:ent. Possibility 
to classify depths of defects by means of~eddy-current 
signal. 
Application of multi-frequency method for inspection of 
steam generator tubes over the whole tube range, especially 
at the rollings at the bottom of the steam generator tube, 
,~·"" j 






the support grids, the flow distributor plate as well as the 
whole tube bend. 
Research Program 
j 
Electric adaption of the probe TL 10 accbrding to /1/, /2/ 
to the two-frequency measuring 'device. 
Foundations of the eddy-curren't harmonic method for defect 
inspection of ferromagnetic materials. 
Linearization of the signals of eddy-current probes. 
Determination of a fit measuring method tp find out the 
probe space independent of the properties of the material 
under test. 
/ 3. 5 Design of transmission between probe and test instrument . 
Optimization of pick-up probe setup 3.6 
3.7 
4 . 
re. 3. 1 
re.3.2 
Discussion of theoretical and experimental findings regard-
ing present day stage of tube inspection with KWU. 
Experimental Facilities 
Eddy-current measuring device DEFECTOMAT S 2.801 in two-
frequency version, 1 kc to 1 Me 
Measuring device for evaluation of harmonics, consisting of 
DEFECTOMAT s, various pick-up coils, ferromagnetic plates 
with saw cuts, constant field magnetizing ·yoke, filter 
amplifier, field strength measuring .device, XY-recorder 
,·"'· re. 3. 3 Measuring device for linearization of probe signals, consist-
~· ing of DEFECTO~~T S, phase shifter, power amplifier, pick-
up coil TLK 1 and internal probe IK1 
re.3.4 Capacitive distance measuring system from Disa 
re. 3.6 DEFECTOMAT S, three-coordinate positionin~ device 
5. Progress to Date 
re.3.1 Computation of excitation and measuring windings. Mechanical 
completion of scanner. Chance control of consistency of test 
results according to /2/ 
rc.3.2 Theoretical explanation of the origin of harmonics in ferro-
. . 
magnetic materials. Finding of a fit layout of equipment. 
Basic investigation and determination of the influence of 
specific parameters. 
~ 
re.3.3 Design, computation and completion of the probes TLK 1 and 
IK 1. Determination of a fit test setup. Performance of 
----,------------ ----
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re.3.4 
measurements and records with variation of parameter, ex-
citation current intensity and phase shiftings between both 
excitation currents. 
Construction of a commercial quality capacitive distance 
measuring system.Hereby, a metal electrode at th~ probe 
face forms together_with the_ reactor wall a condenser which 
represents the frequency-determining compqnent. of an oscillat-
or. 
re.3.5 Design of transmission between probe and test instrument. 
Start of the development of an amplifier integrated into 
the probe, investigations regarding cable splices, especial-
- "'\, ( .... / ly cable make-up, shielding, insulating materials, radiation 
resistance, evaluation of the influence of cables on the 
eddy-current signals. 
re.3.6 'Collection of literature on pick-up coil design. Layout and 
completion of various pick-up coil configurations. Survey of 
field of the field generating coils at various frequencies 
and·at different materials. Measurement of eddy~current field 







Installation of a laborato~y· measuring de~ice for exact 
measurement of the influences of the specific parameters 
(defects, distance, ferrite content etc.) on the various 
pick-up coil assemblies. ., 
Discussion of experience with ~raftwerk Un~on on present 
day stage of tube inspection by eddy-current methods, 
adaption of the probes used atpresent toithe test device 
DEFECTOl".AT S2. 801 • :, 'I 
Results ~ • l 
The results obtained under /2/ are reproducible by means of 
probe TL 10 with the DEFECTOt·1AT S. 
According to /3/, under superposition of an alternating and 
a constant field, magnetization of a ferr'omagnetic test ob-
• ..... i~ r 
Ject shows hysteresis loops of the shape 'of a lancet. There-
fore the eddy-current signal obtained by the tests .consisted 
to abou·t 10 % of the 3rd harmonic. The investigations proved 
. i· 
the dependence of the harmonic signals on"the·various para-
:-- .. 





meters of the test. Evaluation of the 3rd harmonic renJ~rs 
possible a suppression of the lift-off effect with absolute 
coils because with an appropriate constarit-field premagnetiz-
ation harmonics are generated only in the neighbourhood of 
the defect and not in flawless material. Up to now only tests 
with unplated ferromagnetic materials. 
According to /4/, the eddy-current signal can, be linearized' 
by combination of the signals of two or more geometricly 
different measuring coils. According to the reciprocity prin-
ciple and because of easier realization two field coils 
have been used. A high linearization of the lift-off effect 
could be achieved with both tests carried out on iron and 
nonferrous materi~l. 
Tests by means of the internal coil IK 1 proved the applicab-
ility of this method to signals of support grids with tube 
inspection, too. 
The influence of temperature on the value of capacitance 
was measured on condition of distilled water in order to 
eliminate the influence of foreign ions. Hereby it was 
observed that temperature influences significantly the 
dielectric constant of water. Water temperature ought to be 
constant in order to obtain exact distance·measurement. In 
case of strong variations of water temperature during test, 
temperature ought to be measured separately. Exact informat-
ions on temperature distribution in .the pressure vessel are 
required. Investi~ations oh the influence of foreign ions 
. ' 
dissolved in the water proved a high dependence on the con-. 
centration of the ions (a 3-per cent boric acid was used) • 
Concrete results have not yet been obtained. Preamplifiers 
as used in the IFR have been checked regarding the possib-
ility to miniaturize them. ' I 
Measured field distributions'~re available; They can be 
taken into consideration for.a· final design of complete 
pick-up probes. 
re. 3.7 Modus of application and limits of defect resolution of 
the ~ddy current method for inspection of ~ubing as applied 
at present can be considered for judging the tube test 
methods that are to be extracted from this project. 




re. 3.. 3 
Next Steps 
Decision on the application of the capacitive distance 
measurement method according to definition of neighbouring 
conditions. 
Miniaturization of a preamplifter, integration-into probes, 
determination of radiation resistance of the preamplifier, 
selection and procurement of appropriate cables, measurement 
of the whole transmission part. 
Evaluation of the eddy current signals of the specific 
parameters with the designed pick-up coil assemblies and 
decision on the appropriate geometries. 
Manufacturing of coils for the inspection of the straight 
part of the tube and of the .tube bend. Investigation of the 
differences in test sensibility between tube bend and 
straight tube. 
8. Relation with Other Projects 
RS 255; RS 256; RS 257 
9. References 
/1/: Nondestructive material testing by means of eddy-current 
method·s for repetitive inspection. Final .Report RS 89, 
Subproject 1. 
/2/: Nondestructive repetitive inspection at the RDB by 
means of eddy-current methods. Subproject 3. Institut 
Dr. Forster (1976). 
/3/: R. Feldtkeller: Theory of coils and transmitters (~971). 
/4/: H.L. Libby: Introduction to Electromagnetic Nondestruct-
ive Test Methods (1971). 
10. Degree of Availability of the Reports 







RS 2 0 
Vorhi.lbcn/Project Title Land/Country 
Untersuchungen zur Leistungsfahigl-::eit der FRG 
alntstischcn Holographic; vor ?llem im Ver- Fordernde Institution/Sponsor 
elcich zu fokussierenden Prilfkopfen bei derZf~~B~~~~FT~-------~-----------
Auttragnehmer/Contractor 
Investigations of the efficiency of acoustical 
holot1raphy \especially in comparison to 
Bundesanstalt flir Ma-
terialprilfung (BA!Ii) 
i'ocu~d bea1ms in NDT Berlin 
Leader 
<:•rg --St~an~d~dc~r~A~rb~e~ite~n-/S-ta-tu-s--------~a~e~ric~h~ts~da~tu~m~/~La~st~U~pd~a~tin~g~-----t~~~~~~~~~~~~-





Development of simplified methods of 
- acoustical holography with numerical reconstruction 
- fla\'; sizing by scanning with focused beams. 
Application of the developed methods to the analysis 
of ultrasonic indications under practical circumstances. 
Particular Objectives 
Research Program 





Determination of the decisive criterions (aperture length, 
resolution etc.) to construct optimal probe systems. 
Application of the developed probe systems on test-blocks. 
3.2 Soft\..;are-Development 
Elaboration of theoretical foundations (normal incidence, 
oblique incidence, tandem-technique, distance of scanning 
points), development of the reconstruction~ and interface-
soft~'lare (AD-converter, plotter) for scanning in. one- and 
two-dimensions. 
3.3 Holography in tandem-technique 
Investigations of the efficiency of this method, 
experiments on test-blocks. 
}.4 Construction and testing of. focusing probes 
Checking of the available construction method
1 
manipulator 
for focusing probes, adaption of the focusi'ng probes 
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3.5 Experiments with the probe-systems developed for holography-
and focusing systems 
Testing of the developed systems on the test-blocks~ which 
were produced in other research programs of reactor security, 
estimation of the efficiency of the developed techniques. 
4. Experimental Facilities, Computer Codes 
To 3.1 Manipulator system, electronic equipment for acoustical 
holography 
To 3.2 Re cons true tion software (FORTRAN), dri ver-so'ftware for · 
AD-converter, CRT-terminal and plotter (Assembler) 
•ro 3.3 Tandem-manipulator, electronic-equi.pment 
To 3.4 Device to the production of acoustical lenses, digital 
· equipment for positionning. 
To 3.5 \-Thole equipment 
,, 
5. Progress to Date 
To3.1 In the year 1977 some new probes for holography especially 
for oblique incidence l'lere constructed. The field of. this 
probes should be as \'Tide a·~ possible •. Therefore probes \'li th a 
small transducer width and a special choice of~ wedge angle 
were used. Moreover a focusing probe in contact technique for 
blo-dimcnsional holography was constructed. :; ·, 
1,) To 3.2 Theoretical investigations for the resolution of acoustical 
holography were made. Especially the limited·apertures and 
the real probe fields were considered. Moreover the choice 
of other important parameters for acoustical·· holography, e. g. 
number and distance of sample po~nts, was discussed •. Finally. 
we start with the development of software for two-dime.nsional 
holography. ··: 
To3.3 The linear acoustical holography in tandem-technique was used 
to analyse artificial defects, Which· were orie'ntated perpen-
dicularly to "the surface of the test-blocks.-Further some 
investigations in connection \•lith'· the HSST re$earch program 
were made. 
To 3.Jt- An electronic device to produce B- ahd P-images for the use 
of·focusing probes was developed. Several inv~~tigations to 
check the available construction concept for focusing probes 
'1 
. 1.1.1977- 31.12.1977 -3- RS 230 
" \<~ere performed. 
To 3. 5 In the connection with the HSST research program several 
experimental investigations for acoustical linear holography 
in single probe technique and tandem technique were made. 
Moreover the method of fla'i'l sizing by scanning with focused 
beams was also used to compare both results. 
6. Results 
To3.1The voluminous investigations concerning probe development 
have shO'i·m that for linear holography a probe with a small 
transduc~r width (about 3 mm) and a special choice ot wedge 
·a~gle (about 52°) give the best compromise. The maximum of 
lateral resolution is given by the value of wave length. 
To 3.2 In the 1. technical report the whole equipment for linear 
acoustical holography is described in detail. Further ·t-te have 
found some criterions for the choice of probes as well as 
numbers and distances· of sample points (a detailed discussion 
of these results will be given in the 2. technical report)IJ 
To 3.3 The attempt to analyse artificial defects with linear 
acoustical holography in tandem-technique was successful. 
Therefore we also could apply this technique in connection 
with HSST research program (for·results see the special 
report). 
{ · To 3.4 '.['he quality of the B- and P·-images produced by the developed 
,_; 
electronic device was sufficient. Moreover the available con-
struction concept for focusing probes are w·ell proven. 
To 3.5 The results of the measurements in the HSS'l' research program 
arc published in a special report. Especia~ly we have found 
that the lateral resolution of the holography \'las better than 
the resolution of the flaw sizing b~ scanning with focused 
beams. , .., : 
,, . 
Next Steps '1 
To 3.1 o·evelopment and construction of probes and' a manipulator f'or 
the two-dimensional holography. 
To 3.2 Software development for two-d'imensional holography (normal- J 
oblique- and tandem incidence).· 
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To 3.l~ l'-1casurements concerning the compa:r;-ison betv.reen acoustical 
' holography and flaw sizing with focused beams. 
To 3.5 Experiments on test-blocks t>Vhich were produced in other 
research programs of reactor security. 
·8. Relation with other Projects 
9· 
Real-time ultrasonic holography (IZfP-SaarbrUcken) (RS 102) 
reactor 'Security·research program FB 2703 
References 
1. technical report 












' Oorichtszcltrnum/Period KIY~IIikation/Ciasslfioalion Kennzeichen/Project Number 
·L 1 77-3L 'L 77 .3 . ns 193 
Vorhnbon/Projecl Tillo land/Country 
Leckageuberwachung mit Hilfe F~G Vorversuche zur 
Fordernde Institution/Sponsor 
cl er Schallemissionsanalyse BNFT 
Auftragnehmer/Contractor 
On-Line Leak Battelle-Institut e. V. Preliminary Investigations on Frankfurt 
Detection by Acoustic Emission 
Abt, Betricbsverhalte 
von \verkstoffcn 
Arbcitsbegann/lnitiated Arbeitsende/Completed leiter des Vorhabens/Project Leader 
January 1' 1976 Harch 31, 1977 Dr. P. Jax 
Stand der Arbelten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Completed }larch 31, 1977, D.L-1 J14.8oo,--
1. General Aim 
(.''':',/ The general aim of the program is the developmen:t of a continuously 
operating surveillance system for leaks in the p~imary system of a 
nuclenr power p~ant with the aid of acoustic emis.sion. The system 
should be capable of' constantly inspecting all components of the 
primary system of the plant during operation and locating the posi-
tion of the leak with sufficient accuracy. 
2. Particular Objectives ,, 
Under this research program it was t.o. be investig.ated on a test loop 
whether acoustic emission is suited to detect leaks in the presence 
of background noise similar to that ~ccnr~ing under actual operating 
·conditions. In particular, it was to be investigated what factors· 
~ of influence on acoustic emission have to be tak~n into account 
\,....' ) (e.g. pressure, temperature, position , whether there is a relation-
ship between leak size and leak type, and what po$sibilities of 
locating leaks exist in principle. " 11 
J. Research Program 
Various defined leaks were produced on a 'test loo~ of KWU, Erlangen, 
and the Acoustic emission involved was analyzed. ·The following 
experimental parameters 
Enthalpy of the water 




leak, flange~type leak a~d valv~ leak) 
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~. Experimental Facilities, Computer Codes 
. I. 
5. Progress to Date· 
Continuation of the frequency analyses, writing the final report. 
The research program has thus been completed. 
6. nesults 
Frequency Spectrum 
------------------The frequency spectrum of the leakage noises shows a complex fine 
structure with many maxima and minima. In the stationary experi-
C' mental phases it remains constant, but- changes upon minor variation 
of the experimental parameters (temperature, pressure, .leak size). 
Systematic relationships between the frequency spectrum and the 
experimental parameters could not be established, except in one 
case: in agreement w'ith theoretical considerations, it was found 
for the borehole-type leak that at constant pressure and tempera-
ture conditions the higheT frequency components become more inten-
sive with decreasing diameter of the borehole. A simila~ relation-· 
ship for the flange-type leak does not exist. 
c. 
7. Next Steps 
.. I. 
8. Relation with Other Projects 
Parallel to the AE measurements in the ultrasonic·frequency range 
(50 to 800kHz) described in the present report, the Allianz-Zentrum 
ftir Technik, Ismaning, measured the frequency co~ponents of l~akage 
noise below JO.kHz (project RS 97). It was to be·clarified in this. 
way whether the audible or the ultrasonic frequeriey range is better 
'suited for leak detection. 
The work reported here was continued with measurements of the back-
ground noise on nuclear reaetors during operation under projects 
ns 289 to ns 292. 
,, _I 
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"Vorversuchc zur Leckageiiberwachung mit Hilfe der Schallemissions-
nnaly.se 11 
Report BF-R~62.944-1 (March 1977) 
10. Degree of Availability of the Reports 
. I. 

13erichtszeitraum/Period Klasslfikation/Ciasslfication Kennzeichen/Project Number 
1 • 1 . 77-11 • 1 2·. 77 1 ') ~ HS 191 
-Vorhnbcn/Project Title Land/Country 
Schallemissionsmessungen an bruchmechani- FRG 
schon Pro ben (Ermudungsrissen) Fordernde Institution/Sponsor BHFT 
Auftragnehmer/Contractor 
Battelle-Institut e. V 
/\coustic Emission Measurements on Fracture Frankfurt 
Toughness Specimens (Fat'igue Cracks) 
.Abt. I3etriebsverhal-
i:P.n von \verks toff' en 
Ar bco tslJPg' n n/ln i to a tc d Arbeitsende/Completed le iter des Vorhabens/Project Leader 
Jan. 1, 1976 Sep. 30, 1977 Eisenblat+er/Jost 
s:,:nd dcr Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
Completed Dec. 31, 1977 1.236.970,--
1. General Aim 
Correlations are to be established between the measured values of 
AE and ~he type and size of and st~esses on various defects ·with a 
view to using acoustic emission (AE) measurements for the inspec= 
tion of pressure vessels. 
2. Particular Objectives 
At first all the investigations will be conducted··on one type of 
defect (fatigue crack). The examinations will cover the materials 
\lsed for the pressure vessels of light-water reactors, i.e. the 
ferritic steel 22NiMoCr3 7 and the austenitic cladding material 
X10CrNiNb18 9, as well as materials used for the sodium-cooled fast 
breeder reactor (SBR), i.e. the austenitic steels X6CrNi18 11 and 
X6CrNiNo17 13, the ferritic steels 8CrMoNil'lo9 10· and X12CrNo9 1, 
and 11 Incoloy 800 11 (X10NiCrA1Ti32 20). 
To be able to determine the types of acoustic waves which are exci= 
ted at the surface of thick-walled structural parts when the AE 
source is located at the surface opposite the transducer or within 
the wall, the propagation of AE signals will be measured. 
3. nesearch Program 
3.1 Preparation of specimens and construction of the experimental 
setup 
r. 
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J.2 Ocsign of the data recording system 
1.J Investigations on fracture toughness specimens 
3. '1 Hndn• t.ion of data and determination and optimisation of the 
l"• .11~rcd correlations between meaiured AE and fracture mechani= 
c '' .J. p n1·;:.mc ters 
].] Inv~stigation of acoustic wave propagation in thick-walled 
structural parts 
4. Experimental Facilities, Computer Codes 
fl 
Act 3.2: To make frequency, analysis of single si~nals up to about 
Boo kllz possible, a data recording system was been purchased, which 
comprises a two-channel transient recorder with display (paid from 
Dattclle-Frankfurt funds), a rapid Fourier analyser, and a magnetic 
tnpc data store (paid from program funds) including a special inter= 
, face. 
Ad }.J: A universal tensile testing machine (Instron) w·ith hydro: 
mechanical control (25 )~) is available for the static loading 
f 
experiments with the single-edge notched (SEN) specimens made from 
the.materials of the SBR. This machin~ has been adapted for AE 
measurements by special noise surpression·measures. 
0 For the experiments at temperatures up to 550 C an adequate furnace 
was purchased, special importance being attached• to low-noise 
operation. 
I I 
5. Progress to Date 
Ad J .1: Nodified· fracture toughness ·specimens (211, J" and 4" CT 
specimens) were made from the ferriti6 steel 22NiMoCrJ 7 (heat= 
treated in order to achieve 100-percent low-temperature bainite) 
and the austenitic steel X10CrNiNO't8 9 in adai tion, tensile 
specimens were fabricated from broken CT specime~s. Some SEN speci= 
mens were also made from the SBR materials, and si~ specimens of 
the X6CrNi18 11(1.4948) steel wer~rheat-treatid at 650°C for 1000 
hours (at Interatom) in order to achieve an embrittled structure. 
\ 
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Special chuckings without pin joints were designed and constructed 
to be nble to treat the .3" and 4 11 CT specimens without interfering 
friction noise from the pins. 
Ad 3. 2: The acoustic signals recorded w·i th a broad-band transducer· 
during some experiments on SEN specimens were fed to the frequency 
analyser identified in Section 4. Single AE signals were analysed 
for their frequency content. 
In the experiments with SEN specimens and the tensile specimens, 
the RNS vnlue of -the AE signals was recorded in addition to the 
normal AE measurements. 
Ad J.J: During the cyclic l6ading experiments both the load applied 
and the loading frequency were repeatedly varied so as to permit 
the resulting effects .on AE to be studied. In the s'tatic loading 
experiments with CT and SEN specimens, the load •as applied in steps 
in order to be able to determine the various causes of acoustic 
emission as far as possible separatel~. Fracture ·toughness speci= 
mens (modified 2", J" and 4 11 CT specimens) from the materials 
22NiMoCr~ 7, X10CrNiNb18 9{1.4550), and X6CrNi18 11(1.4948) as well as 
SEN specimens from the materials of the SBR were loaded until frac= 
ture occurred. 
Ad J.5: The acous~ic wave field was recorded at the ground surface 
of a steel plate (8.3 mm thick) and on a petrochemical vessel (length 
15 m, diameter 2.4 m, wall thickness 22 mm) by time delay and ampli= 
tude measurements, using approximately point-shaped ultrasonic 
so~rces. The parameters used included the distanc~ of the AE source 
to the surface (full ·and half plate th~ckness; so~rce at the sur= 
fnce), the frequency and the directional characteristics of the AE 
source. The ultrasonic sources on the steel plate ·and on the vessel 
'"ere located and the measuri-ng results were evaluated. 
I. 1. 7'l-J1.12. 77 - 4- RS 191 
G. Hnsults 
!~!_l_:_..I: TIH~ rcsul ts of the fraeture mechanical experiments can be 
Slll:l:Jli'H'i :~(>(J ctS follOWS: 
Tnld.n,c; the AE pulse rate and the amplitude distribution of the 
. ni~~nls as a basis, three different mechanisms are identified as the 
major causes of AE in all the materials investigated: 
(a) Friction between the fracture surfaces. 
(b) 
In this case the AE intensity depends strongly on the roughness 
of the fracture surface and the loading rate. 
Processes taking place in the plastic zone at the crack tip, 
such as fracture of brittle microstructural constituents·or 
delamination of the matrix material from inclusions. The AE 
ini;ensity here depends on the size of the plastic deformation 
zone, the ductility of the materi~l and the ~tress intensity 
factor. This kind of AE occqrs after the initial load, e.g. the 
llpper fatigue load, has been exceeded, but prior to the onset of 
macroscopic propagation. 
·(c) Nacroscopic crack propagation. 
Also in ductile materials is stable crack growth accompanied 
by AE signals with relatively high amplitudes. These signals 
are probably due to the formation of small c~acks and cavities 
and their passing into one another. Because 6f the larger pro-
portion of high AE signal amplitudes at all experimental tempe= 
ratures, this process can·be clearly distingbished fro~ the 
processes described under (a) and· (b), particularly in the 
ferritic steel 22NiMoCrJ 7 and, l~ss well, iA'the austenitic 
steels. 
Ad J.5: The most important result of the investigations into the 
propagation of simulated acoustic wave pulses was that even deep-
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located because the first major signal maximum propagates at the 
surfnce of the specimen at the speed of the Rayleigh wave. This 
wns found even for source transducer distances corresponding to 
one plate thickness only. 
The shape of the signals depends critically on the transducer band-
''idth: when narrow-band transducers are used, th.e body waves emit= 
ted from the source obviously can change into Rayleigh 1~aves through 
interference because of their long duration. \fuen recorded by broad-. 
band transducers the individual body wave pulses are still resolved, 
but the envelope of the signal strongly resembles the signal recor= 
ded by a narrow-band transducer. 
7. Next Steps 
A report on the work performed so far will be prepared. 
8. Relation to Other Projects 
The work performed under projects RS 0031 and RS ~031 D is conti= 
nucd by the present project, which also covers close cooperation 
with IzfP, Saarbrticken, and IfaM, Bremen (RS 196). 
., 
' \_ 9. References 
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Ucrichtszcitraum/Pttrlod 
7 
Klassilikatlon/Ctassllicalion KennzeichGn/Projoct Number 
1.1.77- 31.12,7 12.3 RS 19 
Vorhaben/Projecl Title , , Land I Country 
vcrbesserte phanomenolog1sche Beschre~bung von F'RG 
Schallemissionssignalen und ihre Analyse auf Fordernde Institution/Sponsor 
cine bessere Fehlerbewertung BMFT 
Aultragnehmer/Contractor 
Fraunhofer-Ges., 
Improved phenomenological description of MUnch en 
acoustic emission signals and their analysis 
with respect to a better evaluation of defects IzfP, Saarbrlicken 
Tr.:tM TFKM. 
Arbcit:;b;Jgonn/lmtialed Arbeltsende/Completed Leiter des Vorhabens/Project Leader 
1.2.1976 30.4.1979 Dr. J. Lottermoser 
St.md dcr Arbcitcn/Stalus Berlchtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing 31.12.77 2.574.700-,-- DM 
1. General Aim 
- Development of an acoustic emission testing method for the 
application on pressure vessel tes~s on nuclear reactor power 
plants. 
- Detection and evaluation of acoustic emission signals. 
2. Particular Objectives 
- Development of models for the eyqJuation of acoustic emission 
signals, firstly for laboratory experiments on CT specimens 
with fatigue crack on ferritic and austenitic steels. 
- Determination of the laws for propagation· of acoustic emission 
signals in thick-walled work pieces (plates). 
,.., t> 
3. Research Program 
Measurements of acoustic emission signals on·. mod~fied. CT speci-
mens. 
- Signal analysis and determination of the correlation between 
signal parameters and the physical phenomena. 
- uevelopment and experimental verifications of,models. 
- Theoretical and experimental investigations on the propagati.on 
of acoustic emission· signals in~~ thick plates·. 
'4. Experimental Facilities, Computer--Codes 
l:ilectronic system for the determina-tion of the· acoustic emission 
(38( 
\ 
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energy (100 dB range) for single events, event rate, acoustic 
emission energy rate, distribution functions with respect to 
acoustic emission energy, computer system for the determination 
of frequency spectra. 
Co111putcr programs for spectral analysis, multiplexing of up to 
3 ADC 1 s (Biomation 8100), simultaneous acception of signals in up 
to 6 channels. 
5. Progress to Date 
I'. 
5.1. Acoustic emission measurements on CT specimens (SO mm) and SEN-
( specimens (7 mm thick) of the ferritic ste~l 22 NiMoCr 3. 7 and 
the austenitic steel 1.4948 at room temperature and 200 and 
550 °c and metallurgical analysis. 
5. 2. Development of models for the corr.elation between acoustic 
emission energy and stress intensity factor. ; 
6. Results 
6.1. On a typical tension test on 50 mm CT specimen we have the 
following acoustic emission results (Fig. 1): · 
- In general we have first a peak:·which is due to friction of 
crack flanks, ) : 
- acoustic ewission whiph is due to plastic deformation (after 
depassing maxim~~ load of fatigue), 
- we are observing the Kaiser effect (depen~ing on the material 
properties there may be acoustic emission due to friction or 
not), 
single acoustic emission pulses with high ~nergy due to 
macroscopic crack propagation. 
Nacroscopic crack growth is corre1.ated with high-energetic AB-
signals {energy ~ 1o-11 J as a first approximation for the 
steel 22 NiMoCr 3. 7). For a demcm.stration we '·Stopped one tension 
test just after observing an acoustic emis'sion signal with hi·gh 
-11 
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analysis a crack propagation of 6/10 mm in the middle of the 
specimen and a new crack surface of approximately 10 to 20 mm2 
(Fig. 2 is the crack tip) • 
• 
For the plastic deformation we found a correlation between 
acoustic emission energy and the fourth power of the stress 
intensity factor K (Fig. 3). 
In fatigue we may have a large amount of AE from friction of the 
fatigue crack, as may be seen in Fig. 4: for the medium load-
region we found at the beginning of fatigue (no crack) nearly 
no AE, but later (having already a fatigue crack) there is a 
large amount of AE in this load-region. For a small maximum load 
corresponding to K = 600 N/mm3/ 2 we observed no friction. 
6.2. On the base of the McClintock model we found for the volume of 
the plastically deformed material in front of the crack a 
correlation with fourth power of I< and sixth power of K (regard-
ing plane stress and plane strain conditions), -but for t~e here 
mentioned materials and 
correlation to x4 •. This 
results (see 6.1.). 
specimen geometries we have only a 
is in accordance with -:the experinl.ental 
\ -
' ·' 
Considering microcrack formation and hardening processes we found 
a correlation between acoustic emission energy E and stress 
intensity factor K: n 
E • c~·K4 + c2·~4+2a. 
~he parameter ~ is dependent on material prope~ties; an exact 
•' . 
definition on the ba·se of material properties .h,flS to be given. 
Th~s is in agreement with experime~tal results (Fig. 5), where 
~ ' 
we observed laws with 7th and 9th power. 
z. N!Y.t Steps 
• Acoustic emission measurements on specimens w~th natural defects. 
. " 
• 'l•heoretical work and experiments .,09- the probl(\ms of propagation 
of acoustic emission signals. 
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n~tural acoustic emission sources (cracks). 
- Calibration of acoustic emission transducers by the reciprocity 
method. 
-· 1nt.crpretation of acoustic emission measurements. 
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1 Tension test on a 50 mm CT- T 7 fo j specimen of 22NiMoCr37, stroke ---at 








Fig. 2: macroscoplp crack propagation.on aCT-specii e-n, detecîe<i- Uÿ en ( arrovr
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o,·nchtszcitraum/Pcriod Klassifikalion/Ciassificalion ' Kennzeichen/Project Number 
1 • 1_. 77 -.J 1 .·12. 77 12 3 RS 24:1 
- F-~~d/?ountry Vorhabon/Project Tille 
der NeBtechnik der Schallemis-\' crbesserung 
Fordernde Institution/Sponsor 
sionsanalyse (SEA) BMF'T_ 
Auftragnehmer/Contractor 
Battelle-Institu~ e.V 
Jrnprovcnwn t of' the Instrumentation Techno- Frankfurt 
logy of Acoustic Emission 
Abt. Betriebsverhalte 
von Werkstoffen 
Arhort:,LJ, flllln/lnrllatcd Arbeits'ende/Completed Leiter des Vorhabens/Project Leader 
Jnnunry 1' 1977 December 31' 1977 Dr. P. Jax 
St,ind d,,r Arberton/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds 
Completed December 31, 1977 DN 149.5110,--
,, 
l. General Aim 
Rxtension and improvement of the technique of acoustic emis-
sion measurement with respect to the application on large 
vessels and large-sized specimens under the 'rf-IDR" program and 
the "component safety" program. 
2. Particular Objectives 
Measurement of another AE parameter, i.e. t~~ peak amplitude 
of' the located AE signal, and automatic statistical evaluation 
of' all individual data by means .. of the multiG>hannel location 
system. 
i. Research Pro~ram 
Installation of a disk syst~m for the computer of the exis-
ting multichannel location system for intermediate storage 
of measured data and programs 
).2 Extension of' the measuring system to permit AE measurements 
at an ar~itrary arrangement of' the four transducers belonging 
to one location array 
3. 3 Installation of amplitude modttl·es for measur±ng the peak 
amplitude of an AE signal •· ~ 
J .11 Completion of a FORTRAN program for the statistica,l evalu-
' ation of the measured data and output of the results by 
teletype 
).5 Nounting of casings and installation of air filters and fans 
to protect the location system f~om dusi an~~echanic~l 
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J.G Preparation of a documentation on the software programs and 
of a final.report 
l1. Exp_Primcn tu 1 Facilities, Computer Codes 
Ad 3. 1 As mas.; storage unit, a Floppy Disk system (Dual Floppy Disk 
Calcomp Nodel 1l!2 H) was attached to the computer of the 
location system. 
Ad J.2 Development of the FORTRAN program "AKORT", which determines 
the location of AE sources by means of three ·or four trans-
ducers per location array, which may be arbitrarily distri-
bntcd on the structure to be examined. Localization is 
effected with ·the aid of an iterative method, the initial 
solution being the location of that trans~ucer where the 
AE signal is received first. 
Ad J.J Six of the eight location arrays (with four transducers 
each) were provided with amp~itude modules to determine the 
peak amplitude of the AE signal~ Furtherntore, o:ne module 
was added which permits measur-ement of th·er: rise time of the 
signal an~ its duration in all locatiori arrays. 
Ad J.4 A previously developed evaluation program was completed and 
extended. This can be used for'the quantitative evaluation 
of the signal data ( tra'nsi t time dit'ferent:f~s, coordinates, 
energy, and AE count) that have been deri~:ed on-line during 
a measurement and stored in dig~tal form ~n tape after the 
experiment. To this end, each location ar;ray, which in 
general 'is surveyed by four transducers in the case of pla-
nar location and by two transducers in the' case of linear 
location, is divide~ into 50x50 zones in the case of planar 
location and into 50 zones in·the case o~~inear location; 
the number of signals, their energy and th~ir total AE 
count' in these zones are printed by teletype in the form of 
matrices. In addition, the n~mber of signals emitted from 
a specific sector of the lo~~tion array, ~he~r energy, and 
their AE c-ount are represent~d as a funct":l ... on of pressure in 
the form of histograms. 'I ' , ~ 
Ad J. 5 Casings were installed to pr'btect the mul;t'ichannel location: 
system from dust, and in addition air fil~ers and fans were' 
instnlled. 
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5. Progress to Date 
The work under this program has been cbmpleted. The final 
rcpo~t is being prepared. 
G. J:csults 
Ad 3.1 The attached mass storage unit now permits a quantitative 
evaluation of the raw data (time differences, locations, 
etc.) in the course of the measurement, while at the same 
time signals are accepted and localized qualitatively as 
points on the CRT screen of the system. 
Ad J.2 In contrast to the previ<;>us program, lihich, for planar 
location, required three transducers at the corners and one 
transducer in the center of gravity of an equilateral 'tri-
angle, the newly developed program permits arbitrary trans-
ducer arrangements. A comparison of the location accuracies 
showed that both programs generally yield the same accuracy, 
whereas with the new program it may be markedly better for 
specific areas (around the corner transducers). 
Ad J,J Results of measurements made after installation of the 
amplitude modules are not yet ''available. h 
Ad J.4 The evaluation programs have been debugged and successfully 
used in many cases for the evaluation of measurements on 
pressure vessels. 
7. Next Steps 
Completion of the final report. 
8. R~lation with Other Projects 
The measuring technique whidh'has been i~~roved compared 
with that used in the previou~ projects ~s 31 to ns J1 c 
. . 
will be applied to measurements on vessels and large-sized 
specimens under the research programs in' the fi~ld of AE, 
e.g. in RS 191 A, in the "HDR:tt program arid in the "component 
safety" program. 
"·I?J8 
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I European Program of ultrasonic testing CEA/DTECH/ STA 
of heavy- section steel plates. 
Responsabl2 
. , ,.., ~ .. A.C.PlOT (DSN-SETSSR) 
ontenay · 
Data C.e Eta.t a.ctuel Scientifiques 
.; 01/03/77 a.e=1arrage en cours 
R. SAGLIO (STA) 
Date ... Derniere mise nrevue 
i' ach~·re::ent .. jour 01/07/78 a 8/1/78 
I 
I - Objectif general_: 
Ptirticipation a un programme europeen de controle de toles de forte epaisseur com• 
po~tant des soudures avec defaut volontairement introduits. Action entreprise dans 
'le cadre des communautes europeennes avec des toles mises a disposition des labo-
ratoires europeens par les USA dans le cadre du programme HSST. 
-• - Objectifs oarticuliers : 
- ' 
t ' 
I) Realisation d'une c~ve d'icmersion capable de recevoir les toles a controler. 
Cette cuve est equipee d'un dispositif d'enregistrement: cartographique"en tout 
ou rien " disponible au laboratoire de la STA et susceptible d'effectuer des 
cartographies "C-SCAI.~" a 1' echelle 1 • 
2) Realisation de traducteurs .focalis.es. 
La participation du CEA a ete des l' origine limi tee a l 'utilisation des tra-
ducteurs focalises developpes a la STA. 
Au total 11 traducteurs ont ete utilises. 
a 2 MHz 4 en ondes.transve~sales 
3 en ondes longitudinales ) 0 tache focale s· mm environ. 
a 4 MHz : 2 en ondes transversales ·· 
2 . ) ~ tache focale ~,s. mm environ. en ondes longltudinales v 
Plusieurs autres t~aducteurs avec correction de courbur~ ont ~~' r€alisis 




; êE rt1.DQfarYrmes :3 - installacions expériaenEaleà e , progratse :
L,inscal.Iation cooporEe la cuve réalisêe conforaênenE au § précêde*lf ltensemble
ces Eradu"a""i"- 
-!a 
1!êquipeoent, ulrrasonore du laboratoire de la STA.
Le progrrrrm"-êorporae-la'dête"oiorr des défauts daas .Ia soudure de trois tô1es
<ion. une soudure de piquage, leur localisation eË teur caracEérisaEion, not,aE[neïlE
ieur airnensionr,"r".ra, po"i à" fai.re Ia rnêehode uise au point au CEA en parallèIe
.;;. l.-;â".:.opp"reng des E,raducÈeurs focalisés est uti'lisée- Elle PerneE le
riu.e::sicn**r*oi'avec uuê prêcision êgaletu diamècre du faisceau ulErasonore au
foye:.
À l'i.ii;,,ie ci,-l; essais uotr de.structifs rêalisês tant à Saclay gue dans les autres
1a'olraccires frailÇais eÈ européea§r. Ie progra,'+e prêvoit la dêco-up3 
-des,.tôIes ee
1".'e:(âBe! recro ou aierographigue des dâfaucs identifiês, afia dei déteiliriner le
cit:gré <ie corrêia-Lion
- dars la dêcection des divers EyPesde défaut
- dans leur 
_localisation
- d,aas leur caractéI,igation, notarmeaf leur dineesionneroeat.'
IL est à noEer que le progracle sÈandard. coüPorte uoraaleqeut uB conErôle en ltra-
nuel 
, 
suivanr, une procéàurà vciisine de celle du code A${E sectiou XI ec proposêe
par Ie PISC (Plare luspection Sceering Co@ittee) orgarrisme ois sur pied daus Ie
cadre des cormuuautês eutopéennês êE respoasâble du prograffie européea.
I1
En ce qui concerne ltétude objet dê ceËEe fiche (CEA)
suivanE, :
.' , i
1rêtat d'avaneeoenE esE Ie
- La cocalité des conrrôles oon destructifs a étê rêalisêe. Des cârtographies
"C-SCÂ*\L'à l'êchelle I dont disponibles ;le cotrcrôle aÿaac êcê eff,eccuê dans
5 <iireccions: , I
- no:maleuenc à Ia surface en ondes Longitudinales
- en ondeg transversales obliques à 45o darrs deux directiousdans le plan de la
soudure et der.t.'c dans ]e plan de Eectioa droiter
Le signal.ultrasonore a êtê ànregiseeê sur-bêndes rnagnéuiqses. Une restitution â,
'graade vitesse (76ca/s) perrnettra ltana,try§e de chaque défauc eo vue de son
diuensionneoeûE sqivanc la uêthode CEA. Cettê anaLysa esE ac,EuelLernenE en cours.
,4 
- Etat de lrêtude a
- Prochaines éEaoes :
el r1 r1
ü,
- fin de I'analyse des r6sulcacs CEA , rl
- Rêdaccion du rapporc d'essais en vue de la présentatioo au prsc.
- Participatioo aux rêunioas relatives au flrôgrarme d'essâi,§ desrnrcci.fs.IL est à nocer que lracheoioeneut des tôlei a pris du.retard dans plusieurs pays. "








6 - Relations avec dtautres études :
Ce progrrr,,ne eotre daas le cadre des écudeg de justificaÈion de l,a oêthode utilisaac
les rraducteurs focalisés er de leur apriËude au dimensionneoenE des défauts déeelés.
7 - Dcclunenfs ie réfêrence :
piSC / :,rr: (i(,) pl
-;'iche riif : i 'FS / GR SR I IOO 12 13
" Proeqcl,Jre for ulcrasonic exarniaacion of P.V.R.C. sel<ied. tesE blockstrr'
Révisioa 2 liov 1976
8 * Djs-aoqibiliçé :
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., ., ~ ,DSN-SETSSR) 
Fontenay 
ate d.e Et at actuel Scientifiques 
de::larrage 01/07/77 en c·ours ~ ., 
. 
Date "" Derniere mise prevue 
d. I 2.CCe'feJ::e!l;t 31/12/78 
.. . 
a JOur 12/77 
~ Objectif general 
Etude de l'iniluence du champ de contraintes sur la detectabilite des defauts lors 
d'un controle par ultrasons. 
Objectifs particuliers : 
I) Realisation des eprouvettes 
Elles sont realisees dans le cadre d'une .autre etude. . . 
Il s'agit d'eprouvettes de fatigue en traction compression, comportant en leur 
milieu une soudure realisee volontairement avec un defaut de type determine. 
Les defauts sont deceles au stade de la fabrication et dimensionnes tant par 
radiographie que par ~ltrasons. ~ 
2) Realisation des traducteurs focalises. 
Les 4 tt'aducteurs focalises (0 tache focale = 2 mm) orit"ete t'ealises 
2 a 45° en ondes T ; 1 a 60° en ondes T et 1 en ondes L. Les defauts doivent se 
situer a mi-epaisseur soit 80 mm. 
3) Le personnel du STC&~ (Service Technique des Constructions et Arm~~avales ) qui 
doit se charger des cont:roles en cours d'operation estNen formation au laboratoire 
de Saclay pour s'initier a l'ut:ilisation des traducteurs focalises. 
3 - Installation exoerimentale : 





. .. I 
.. ·) 
; '{' 
4 - Etat d& l'€tude : 
1) Avanc~II!e~;_ !. C.:£: .io~!_ _: . . 
Seu1s 1es controles en usine des defauts sur eprouvettes ont ete r~alises par 
Creusot-Loire. Les resultats ne sont toutefois pas encore entierement dispo• 
nibles. 
5 - ?rochaines ~taoes : 
----------~--~~ 
Il s ', .. \;;it; i:!sssntiellement des essais de fatigue dans les laboratoire de la marine : 
Chaqt:e pedode sera precedee et sui vie d' un dimensionnement .des defauts. La part:ie 
de ce travail interessant ceete etude sera la comparaison du dimensionnement en 
·l'absence et en presence d'uri champ de contr~intes de compr.ession.· 
6- Relations avec d'autres etudes : 










' 12.3 141-3 ,...03/4111.:.1 0 
ISJ-3 -03 .. 
I 
" 




F.R.AJ.\f C E 







' . . ) Orga.nisme e..xecuteu: Ti~re \ ar.gJ.:l:I.S 




...... , .... 
.. : · (I)SN-S.Z!SSR) 
'C' ...... , .. 
•,; 
J2.te de Et at a.ctuel Scientit'iques 
d~arrage 19/5/76 en cours .. , .,-~ .-
Derniere mise I Date ... prevue 
12r/77 d' ache're.!:lent 19/12/78 .. jour a. 
Il s'agit de rechercher un procede, notamment par filtrage optique, per.netta~t 
d' au\.!'::Jenter le contenu d 1 informations dEHivrees par les. films radiographiques, not~ent en presence d 1un rayonnement y (cas des inspections periodiques de 
circuits primaires) · 
>(.. Objectifs particuliers ., 
l) Etude bibliographique. 
- Cette etude est maintena.nt quasiment ,terminee et a permis de faire une revue 
exhaustive ?es precedes envisageables.: ' 
2) Etude et realisation d 1 etalons de fissures. 
- Elle~ a pour 'but la realisation de fis'sures de profondeur et d I epaisseur etalon-
nees, permettaht une approche du prob.l~me liberee des . .incertitl,ld"es ·reletive·s a 
la dimension des defauts. Elle a comport€ notiamment la realisation d~eprouvettes 
comportant des fissures calibrees, de-profondeur et.d'epaisseur c~oissantes, 
. situees a des profondeurs_differentes, mais egalement d~sfissures 
de profondeur v'ai'iable • Le procede utilise est celu~ ~mis au point au CETD-1, 
qui fait appel a ~n usinage precis du '(iefa,ut etalon l~quel est ensuite inclus dans 
l'iprouvet~e par soudag• par diffus~oh~! ~ 7 
3) Radiographie des eprouvettes. Elles ont ite effect:uees en ut:ilisant les proce-
dures courantes suivies en fabrication, et en respectan~ au mieux les cons.ignes 
permettant un bonne reproductibiliti. . " 
4) Depouillement densitometrique. 
Une et\Jd,e sys~imatict\le du depouillement densitometrique est entreprise pour ten-
ter de rechercher les parametres caracteristiques de ··1.?&- .. detection des fissures. 
' . ' ,.., ,,. . 
(1 
' ' 
... / ) . 
'). 
~ ~ Install'ations experimentales et programme : _ ·, I 
.4 
·c· ,·,.,_.· . , 
.Les installations· sont celles des ·tab'oratoires de contr.Sle noti destructifs. 
(H. FkU!BARO) et d,' optique (M. PARASKEVAS) du 'C(:TIM. 
Le programme prevoit l'.etucU~ s~stema~ique des etalons definis en 2, puis celle 
. de 'defauts reels radiogtapb~es clans- divers·es .conditions. 
·, . 
Edt de l'etude 
l) Avanccm.ent a c~ jour : 
- bibliographi~ : terminee, .rapport en couts 
- realisation des etalons : terminee, rapport en c;ours 
- ra'diographie· des eprouve_tte.s :. en COU'l;'S 
- depouillemtmt densitometrique ; en cours 
2) Resultats essentiels : 
- il semble (lu'existe une t~ille critique pour la pupille d'exa:men du densito-
/metre. 
- Un examen direct 
visibles a 1' oeil ''· \ . 
. , .I ~ ' 
-un traitement du signal est _necessaire pour les mettr~ en evidence (d.rivation, · ·· 
integration ••• ) .. _ 1 : · · , 
Compte- tenu de l' ensemble :cJ.e ces resul tats ·un ~effort cter. reflexion . res te n~c;essai.,.; 
re avant de poursuivre plu1. e.vant. · 
_. · 5 - Proc:haines etaoes : 
'·c 
\• 
A. l' issue de cei:te periode de riftexi-<»n et c.ompte .tenu du caractere encore fragmet).-
taire qes resultats acquis a ce .jour, la poursuite du programme ne peut -etre tota-
lement definie. -. Une partie essentielle consistera a etudier le comportement de 
fissures reelles (done de geo~et;ie non n~c-essairement recciligne) afin d'evalu'er la. 
di'ff"erence de comportement avec lea ~talo~s.. . 
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Pays i 
' r ~!~re 
FRAI.'iCE I Emission acoustique. 




Titre ( anglais) Crganisae exec:uteur 
D'Iech/S!A/CNP 
Acoustic Emission. 
., Development of equipment and methods. Res,nnsa"ble 
" '"' 
..... ,.,. STA 
-
Sacl'ay 
- i,te C.e Et at actuel Sc:ienti.:t:iques 
''1977 en cours 
" 
~ ., --.!_.::2-:~age ! 
I' 
Date preV'.l~ Derniere mise 
1980 ... jour l /78., C.'ac:.eve!:.e:lt a 
! 
! 
- p~jcctif gen~ral ~ 
Hi se .:11J p,oint: d I equipement:s et methodes prpp~esi~a rendre possible 1 t ecoute de --1 t e-
mission a.coust:ique des materiaux sou~lis a contt'ainte en tant que moyea de detec-
tion des evolutions dangereuses des defauts, (en particul~~t;, suivi en conti.nu des 
circuits primaires de reacteurs). 
2 - Objectifs particuliers 
Amelioration du traitement des do11nees recueillies lors des essais pour en faciliter 
.1 t exploitation et ameliorer leur contenu ,efl.··informations •·· n 
3 ... , Installations ex?erimentales et programme.,.:·,· 
. 1 ! ~ 
I.es, installations sont essentiellement cel1.e~· developpee'j, au CEA depuis plusieurs. 
annees •. 
I 
... capteurs pihoelectriques avec et sans guides ·d' ondes. ~· 
- preamplificateurs. 
a.mplifica.teurs. 
- dispositif de mesures des differences de temps de pa.rcours. 







tes prog.rammes en cours sont essentie11emeQ.t diri,ges vers la surveillance des insta.U~tions en fonctionneuuant• ··nota:Gmlent 'sur Fessenheisa 1, le· pr:essuriseur. 
-- :.es premiers essais ont 'eu lieu en. 1971 sur le pressuriseur de Fessenheim 1 • 
L'ins,tallation comportait 4. capteu;os sur 2 tubulures du- dome·. 
·- 2 aquipes de-guide d'ondes. 
- 2 capteurs chauds ENDEVCO. 
Les sigil&WC etaient envoy~s en salle d'_instr\lDlen'tation. · 
- !..a dispo~itif d' a~quisition de.,4onnees coml?ortait 4 voies' -avec mieroproces-
seur, per.nett:ant de ,prediger;ar les informations, (amplitude et nombre_ des salves, .· 
nive,au_ du bruit. de fond) afin de diudnue~ le ·voll.t.me des informati~ns acquise~ en 
.so~tie sur ruban perfore. · 
. •.. f 
~ ' \. 
S .. ·Prochaines'etao~s : 
li': 
\ 
!1 s'agit essentiellement de eonfirmer les resultats 9btetlus et de compl~ter l'e-
.'tude par la constitution d'unprogramme-de traiteme~t aut~tique.compatible avec 
les installations a grande ·capaciti de la Cl:SI,. (Compagni:e-: International~ de 'Ser-
vl.ces e~ Informat:ique, filiale .du CEA), ~- "' ,;, n 
6 -.Relations aVec: d'autres etpdes : 
. · Dans le cadre du c:ontrat passe· avec Cr.eusotliooLoire et desitne a verifie; les pro-
pt:ieces des traduc:teurs .focalis~s. bn essai11 d' ec:oute de. bruits pendant la phase 
de soudage ayec: introduction de de~a.uts dels. a ete realis~. et exploiti. Les con-.· 
d:i tions de c:et essai n' ot1t. pas . peri!;is de t:i!rer · toutes · le's<:informa.tions-· necessa.ites. 
!l a neanmoins mont-re que la plupatt. des- difaut~--- realises :em:·ettaiaut et que c:ett-e 
emission se._ prolongeait suffisamme.nt po~r itre dissoci!e d.es bt1lits provoques par -:.. ... ~-;:1 
r~froidisliement du laitiet-. · · · 
·7 - Documents de refer.ence- f 
( . 































Detection et dimensionnement par courants de 





CEA - DgCS 
' 
Titre (~~glai::i) 
~-----·'--·-«·----·---·----··-----------~-----------t--.;._.-:-.---~ .. -:--.. ~--1 
Crgan~s=e execuveur 
Under cladding cracks de_tection and siz~ing 
by eddy currents method. · 
~ ! C.e C...e;:a:ra~e 
Date !):.·f.,.,;.e 
1978 
· d' acl-.~·,e.:::e:tt 79 




a 'jour 1. J. 78 
CEA-DTECH-STA-CND 
Responsable 
STA - Saclay 
Scientifiques 
··' 
Mise au point d'une methode de detection d 1eventuelles fissures se developpant sous .l 
le revflt:.ement en a.cier inoxydable des cuves. 
~-, 1-l ' 
t• . 




Les mt!thodes de detection a~tuellement· envisag.ees par uitraso:n.s ne sont pas entie- · 
t"ement satisfais?-ntes. L'utilisation des courants de Foucault1 peut constituer une 
solution plus satisfaisante a condition de travailler a basse f'requence. 
3 ... Installations experimentales et programme.: 
L'etude comporte : 
la rea.lisation de maquettes representa·dves. 
l'~cudc et la realisation .de sondes speciales. 
le choix du mode d'excitation. 
. .. / 
'f' 
1', I 
' ' •,"• 
la rect\ercbe deS condl.tiOI;lS d' essilis optimale~ en particulier le. Choix · 
d'un dis'Positif mono ou ml.lltifrlquenee. 
- l 'adaptation ·du dispositif et de .. la 'metbode aux cuves de reaeteux: PWR. 
4 - 2tac d'svanceQent 










Conn·ole par ultra.sons (et ra.diogra.phie) des soudures 
- ml.:~ t:e s . 





CEA - DgCS 
'~-------:-------------------r.....----:---:-... ~-~ 
r- Crganisae e.xecuteu.r . 
1-
I 
Ultrasonic (and radiographic) testing of dis~imilar 
t:J.etal · weld·s·. 




·STA ... Sa.clay 
( .. te C.e Etat actuel · Scientif'ique~ 




a jour 1. 1 • 78 . r' 
1 Objectif general 
( 
Dans le cadre de 1 'accord qui doit etre passe avec la R..F .A.):mise en commun des ex-
penences dans le domaine du controle par· ultrasons (et ~ventuellement par radiogra-
phie) des soudures d'a.cier inoxydable austenitique .• 
· 2 - Objectifs particuliers 
Recu~illir le maximum d'informations sur leparamitr~inte~enant dans·ce type de 
controle afin de mieux les mattriseret d'optimiser les proce~es. · 
. ,. 
',., 
3 - Installations experimentales et programme.; 
I1 s'agit essentiellement sur le plan frahc;ais d'utili:Ser les traducteurs foca:-
lises develbpp!s au CEA, notaxnment en ondes obliques longitudinales • 




. •,'' ,' 
Deux etalons. seront utilises : " 
Bloc etalon N• l reprlsetttatif d'~n'e soudure ·tl!-ixte de:~ubulure de g~ner~teur 
de ~vapeur.· . 
.. Bloc etalon N• 
d'une tubulure 
2 re,resentatif .d' une soudure de safe-end. (embout de' securite}' 
~~~ ) ~ 
On utilisera euentiellement des ondes L et 'r en inc:iqenc:e normale et oblique 
avec des traduc:teurs foc.alises.1 e~ emetteur. recepteur PU, a fonctions sepaxees, . ainsi 
que des traducteurs du. type VIN~OTTE. 
L11s preseritat:ionstypeA et C .seront nonnalement retenu.as. 
La presen.tation type B sera limitb. aux zones interes·santes. 
\ 
Pour. c:haque type .de defal1t rencoutre o~ !tudiera l' i~~.'teuce : 
· ~ du type d'ondes. , · .. , · 
de l'incidence. 
de· la forme du fais.c.eau ultrasonore • 
. de la fr.equence • . 
~ du type de metho4e. 
en relationavec. l'es carac:teristiques des soudures. 
r1 
Des essais du meme_ type seront effectues par nos equip~.s sur des blocs en ·pro""' 
venance 9e RFA. 
De meme les equip.es RFA effec:tueront sur les blocs fraxi~ais' des_ essais. dont' le 
type reste encore a preciser. 
• .< 
' . 
~·• • Etat ·de l' etude r: 
.·· 
. . 
"·.Les programmes previsi:onn~ls ci ... dessus ·sont ac:.tueliement en cours dt etude etlou 
. d' approbation au sein du groupe de. tl:'~vail' q.ut a 4t' speeialement mis sur place pour 
~cette collaboration. · · 
-!'-
n· 
I - Prochaines etapes : ~ .. ' 
• Definition des ,capteurs a utiliser et realisation. • ' .. 
. I ' ~ Realisation du programme. · 
·' 
::c · - ~ploitation: •.. 
. . . 
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5. 1 .J 
i Pays I Titre 
FRA..'iCE 
I Utilisation. de.ta n.eutronographie pour l'inspection en 
I service des reacteurs nucleaires et le cont-role non Org~isa:e di:-ecteur 
I de:; t;J:UC tif des composants du coeur. CE.A I I 
I 
---
Tit:.""e ( 9.o~,SlJ.i~) Organisme e."Cecuteur 
CEA/DSN/SEESNC VALDUC , 
th,e -of radiography for in-serV"ice inspection neutro 
of nuclear reactor and for non destructive testing 
Responsa.ble of core componen_ts • 
.--.• M .. -, 
DSN I SEES~iC/ Valduc 
na-ce C.e Etat· actuel Scientitiques 
... ~ ... ·-""-Q. 01/01/73. etude en··cours I ~ ,. _..__ ~-
' 
Da~e .. Der:iere ::ise tire·r..1e 
d'.c"~v .......... ... jour 15/12/71~· 'M a ··- e ___  31/12/78 a. 
. 
-
. . .. 
.. -
l~bjectif general 
Le but de ce prog1:a:u:ne est: d'effectue1:' des essais ~e c6n.t:1:ele par neutronographie 
de ccc-oosant:s de raacteurs. Le mini-react~aur pour neutronographie·M!lt:OtE, mis en 
. ~ ' 
service en 1976 permettra. de mener· a bl.e~ '1Cette action. L' installation est ·equipee 
de 2 fais~eaux collimates de neutrons qui servent a effe~tuer les essais d'examen 
de pieces . 
. 2-ob ll!ctifs p.a::r:ticuliers 
Valeur·du proco!de pour : 
t. • -Ex.amea. de pieces 'paisses eo. acier 
j 
2 - Examen d1 elements com.bust.ibles.,de react:eurs a eau 
3 - .E.hamet:l de m.ateriels divers (en~•les c:olles) .. .., 
3-Inscallations ex-oerfnenr:ales et programmes 
, Reacceur pour tl_!!utronograpnie ML.'tl...!:'NE . • ,"' ,.,. 
Essa:is et. calibration du 1:eact:eur et des faisc:ea.ux de neut:rotts 
,, : :· 
4~ttat: de l'~tude 
Apres divergence du reacc:eur ·ea. Novembr~ -~976, les tas9:~~ de mise en servic.e 
du reacceur one et• etfectues. Des c.eu.t:ronog1:aph:Les d'objet::s et matErials . 
divers otic ete, realis&s qui ont mone:re que/ l' installac:ion fonctionna.it avec 
' 
satisfaction et que la qualit\4 des cliches de neut:ronoographie etait: bonne~ 
~ ~ l 
Le's documents de sarete du reacteur (CR d,:s,essaisJ RGE). ont: et:e rediges ou 
' ' d ! J~ 
mis a jour. 
,, ,j 
I 
', -.... ,-, 
I. 
~ ' > :_ ··.; 
-14-11.; 
. ., 
1 :;5 .-proc:haines · ~cao.e.s 
. ' ' 
Mise A jour du rappott de surete de MIRENE suite auX essais. 
Essais d' eXamens de pieces test en' acier et pi_,ces diverse a d-e r'acteur 'lect-rO:;. 
gene s'usceptibles. d • itre d4112.dru:,es et. t<ransporee·es pour le contr&le dans' un.e 
. inst:all~tion de 'type MIR.ENE. 
. I 
. o ... Relations avec d 'autres 'tudes . Compa-ra~son avec les autres m'th~des :de contrale non de'seructif ~; ~e qui cone~ 
. \ ' ,\'--.. I ~--~~-~-i 
tfexamen de.composancs.de reacc:~u.l:' et l'examen·d'objets et de mat4r'iels·div~~·· ;.\ 
'"' ... , 
., . .;Documents de referenee'disponiblea: 
l • "Source util·isant la bciuffee de neutrons. produite pa;- uu saut de re.a.c:d.vi.te 
. dans un reacteur11 • M. llOUELLE .. suppl6men,t au Bulletin d 'Information 4e " 
l' ATEN N°· 90 (Juillet .. AoGt 1971). "' · ' . 
2 •· "Radiography with Neutron.s" ~"" M.llptJ~loLE, c:MntciD.,, ll.U:VOL -·British 
Nuc:.lear Ene~gy ~ociecy· • Conference at the University of Birmin.gb.&al - , 






















j r~OJEC2 TITLE : . 12.3 . P.EI .. IABILITY' OF CLASSICAL WDT 11.2.3 1\'lR 
1 11 .1 
" '~-~------~-~~--~~~=-~--t 
. -,- ORGA.NISATJ:ON : · 
·J $'PO.:YSO(?ING COUHTRY : l . . . ~-~0,; ·':;ssr:;;~;A~Jd:e: E:::ean cOnUnunities PROJECT LEADER : I 
. 
JRC. Ispra · 
LDATE co~?L:2:~=z~n_,_=_1~9_B_o ______ ~~-~~-·s_.J~·-c_R_~_z_E_N ____ ~\ 
" ~ 
· Amo::-1(; ·~he c::.ctual non-d-estructive testing techniques on nuclear reactors 
<"'~"~rr.';)o:r..cmt:s r u1ti>asounds and radiograP_hY are principally .... u~ed. The. e::9e-
"'ncc~ ho-..:IcVer tc~aches that often dutbus results, are obl..a~ned when ,;,.:::>T 
:"t .-:t.ni(~u-:s ar2 app:ti.::::d. Development and asses1Tlent of ul trason~c. i:::?2:~-
. tion r..ethods ref,T\),irt~ more precision, resol.'Ution and .reproduct:Lbl.l~ ty. _ 
C:re.sides global cietection and localization methods, si~ing techniques are 
· rrequired. Classical Ultrasonic testing could give bett~:: re~iabilit? iE ' 
,;. ki.o'~m correctly in its parameters. Therefore, .character~sa t~o~ stud;;..es 1 e.:.-
: d.in1 'to simple· mE:~thods to be us.ed or on th.~ spot or in. maintenance .labora-
. , toric~s or in research laboratory are proposed. 
V! 2. Pt-.rn'ICUT.AH OBJECTIVES 
'· 
. 11.,· Critical. analysis o£ the transfer· fun~tJon 6£ sta:n .. d.~rd ultrasonic .. tes- · 
. 1 · ti:'lg chain in o1..:der to assess the :i.nf.l.uence of the' VaJ:'ious components 
: and of the operational conditions., on ~he overall_relia'Qility • 
. j a. Study of t'he correlations between tT .s. signals and reference arti.ficia:. 
1 defects. This study will involve the use of the NDT Techniques; destr,-A=-
. F tive techniques and the fabrication o£ ·well de£inei4 reproducible arti-
.. ficial defects. · '' 
. I 
i 3 .. Practical a.ppJ. icatio:as ' · 
I, a) characterisation·o.e ultrasonic apparatus (in particular transducers) 
. 1 . _ eo be used .for quality control_ or $Y);· service inspection, Up to no'.:.r, D requests \;!ere received from : ENEJ,:,·-(Lab.CentraletPiacenza) CNZ~;,cs.:..o... 
r. • 
Cadarache, IRSIO,. NERATOH,. BREDA,. f:>OEL Reactor,.· NUKEM •. Colla'!) .. ,j::::-a.ticr.. 
is foreseen with : AERE-Harwell, CEA(Saclayand:Fontenay-aux...;:<qses) 
NUK8!4t DAHISH \·lELDING INSTITUTE, ASS.OCIATION VINCOTTE · ahd transducer-
manufacturers (up to now: AERIDTECH~ BALTEAU, NUKEM, CEA, ISTI7UTO 
CORBINO) · 
b) HSSTP (:PISC)~Ispra will receive the test pieces. ~n Bummer 1977 ar..:. ';."il:' 
try to answer the specifications·. but, also tak.;{ ·.the opportunity to c.~-
. :-::on.strate the ,necessity o.f characte~isation techr...iques · for ul:t~asc:t:.c 
tr.:p1sducers,. for reproducibility in Cte£ects defection and .localisation 
A .<:oll.aboratlon will ~e set-up between ENEL(Lab_-.Centrale, di Piace..""l.z.a) 
ana EUfUt.TOM (l~pT Sect~on) as the f~nal report. has -to be unique £or . 
Italy. Ispra w~ll take care mainly. oJ! what _conc·erns characterisation 
and calibration as well a-s original method·s other than the. on~' s 
.... 
~, I 1 
; . 31.?19 
,1 ' ~ ' 
... ,.! 
. ' 
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t •.. 
\' I • ,· I 
speciFied by the ASME XI '(.Eof:a~ 'probes). 
c) Identifi~ation o£ the .Eaile<j. fuel pins in an·:irradiated, 
BHR .fvJ:1 bundle using ultrasonic, Without any disma:(ltling 
of th·? bundle. This activity was initiated in the frame 
.of the rl't?cimical: SuPport t'o -Po,~er I Stations' Prograr.une a:'l.d 
y,·ill be Derforme'd in collaboration with CNEN-ENEL on the 
, pra::ticc:.i case of the GAR!GLIANO.:..CAORSO ,fuel bundles (with 
the already received agreement £rom the ACPM). 
d)'In- 't.he frc.rne of a collaboration contra:ct (EUR.:..CEA-GNEN-- , 
- 203/75/PIHOIF) included in the Safety Programme,. some '.:J'Ork 
tJi.ll be persued ~O+' the cruantitative direction of cracks_ 
·(in quantity and in depth5, in sodiun;t_ ducts --.submitted to . 
thermal shocks~· The £~asibility study demonstrat-ed the re-
liab~lity of, the x-ray techniques combined .v.q.th the use oE 
well defined re.Eerencede£ects and of a .d~sl.t()meter •. 
3. PROJECT STA.TUS 
This· study is in fact the partial, continuation: of a study 
initiated tmder the name· "QualityJCo>:ltrol.11 in ~t;he £rarne .. of 
the .uTechnical Support to Po'Ym.r St.atinns" Pro~amme o,f ,the CEC. 
Laboratories. are well equiped fol:'t · :. :: · 
"· ,·_,;, rather fundamental £ttidies and- results are- a\la-ilable fror ,, 
·what concern' characteriscition of , transducer~ ~nd materials 
- systematic charact~risation oE ul.trasonic e~~ipm~nt 
- Sc1~lieren bench ·('high roesoluti-qn) · · · , 
~ point, by point_ precise ex~minat:ion. ·\ .: ' 
- correct ion of·. transducers ~ , , i · -
. - .liqui,Q. crystal characterisation bench 
- .f:ib~icatiol'l /r1P t'":), 2 . sh?.fCd ~~;: ;-ap~oducibl4: ~~efe-ren~e 
de£ ect s using ' 
-·punch method ·,.; 
. - electric disch~rge method • 
. 4. 'NEXT STEPS 
' . . . !. : ·" /. _~.,1 "', .. 
4.1 • Rather .e--~Andamental s·tudies concerning the .~haracterisation 
, oP th~ transducer : . intri.nse9-ue charactet~i'stics ;. . · 
4.2. Characf~ris~tion of some ma-t;e~ials using.- ; 
• echo-- phase· shift an~lyses '· · , _ '· ~- ·. 
- sp~ctrum analyses.· . - . 
4. 3. Adaptaiiori of the' kn<;>whow o£, \he punch ail~ electric 
discharge· techniques·- £or .the £abrication- .6£ reference 
defects in the frame o£.Inservice Inspection o£ reactor~ 
pre-ssur~ Vessels. , .. ., '. -
Uti~isation o£ .forming and· brazing teChltiqu'es .Eor fabri--
catl.on o£ ~e£erence defects ifl. re£erenceZ:olocks 
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4.4. Characterisation o£ the·-: Ultrasonic equipments o£ ENE~ 
(Laboratorio Centrale di.Piacenza) 
Characterisation of some probes for NERATOOM. 
Participation at the, HSST (Pisc) progranune ( Spt.ember-october 77 
D·::finition and fabrication of the prototype apparatus 
for identification of the £ailed-£uel pins in the 
. GARIGLIANO Bt·IR irradiated fuel bundles (CNEN-ENEL'-ALCI) 
4 .. 7. 
... " . .. . . " 
Definition of the resolution of the"X-rays-densitometry 
nethod for the quantita.tive (depth) detection o£ cracks 
in sodium tubing submitted to thermal shocks. 
5 .. ·REFERENCE DOCUMENTS 
(1) Proceedings of 11 Information Heeting on Characterisation 
oP Ultrasonic Equipment" S.Crutzen and all, 
(2) 
(3) 
. Ispra, Novembre ~5th and 26th., 1976 :. ·.. · 
Eu.r.itom J.R.C.-Ispra NDT Section·(to be issued) 
E.E.BORLOO, P. JEHENSON 
Caracterisation des transducteu.rs ultrasonores. 
st .. 3rienne (France) 30 Novembre et 1er Decembre, 197'6 
soci~te F~an~aise de Metallurgie. Colloque sur les progres 
dans les methodes d'investigations des m~ux. 
R. DSNIS·· 
Characte:rr:lsation of ultrasonic transducer:s using Choleste-
ric Liquid Crystals. ·. J .R.C .-Ispra, Materials Division 
NDT Section E.UR 5710.e, 1976• 
(4) S.C~UTZEN, R.DEBEIR,B.,JEHENSON, and F. LUCHTMANS 
j":i-:.~J-Isp.ca, ltaJ.y . 
A. BAROSI, L. ROSA!, T .A. GIORGI, Saes-Getters,Hilan,Italy 
Use of neutron Radiography '£;or quantita-tive measurement 
o£ sorbed Hydrogen in Getter'$ and quality control of 
nuclear. £uel.. pins,- IAEA/SR....(J-21 ,.O..slo.~. M~y 1976 •.. 
(5) J.R .. C. -ISPRA,, Biannual Report 1974-1975 EUR 5550.e 
6. BUDGET 
6.1. Totai investments on the p,ist prograrron'~' cictions to be 
continued (Technical,Support to Nuclear Power Stations") 
' 6.2. Total investment for 1977-1980 I~ 200 .. 000 u.a. 
7. PERSGrrNEL 
















Leiter des Vorhabens/Proj€ct Leôc,êr
lng. ( ad. ) Tnusch, Dr. I'tüstenberg
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NDT pensontibl qua).ification for
Rese,anch Prognêm
colrection of ernpinical data by special,'{uestionnainesldnd inter,views r+ith
. 
t/:J-'Ie] t§j in selected companies and institutions. 242 quèstionnaines sent out,
103 r'etu::ned (Êqa %), g4 completed; * trB-intenviews rvitÏl exper.ts in the.





Conplete tnaining §ystem oniy th:rough DGzff but not tai.L'on made fon reacton
nsons trained in companies, Ig70 - Ig?ô 4.OOO
pêrsons tnained thnough DGzfp. strong gtrôlrth tendency inl p6igr; Equar
figtrnes fon in-plant training and DGzfP tnaining expecteci for: Isz?. In-p3-ant
, 







/,ll crichtszeil râum/Periodi.9.r$76 - 31,10.1977
Vorhabon/Project Tille :
:rtuclie üben Personalqualifikation für zenstônungsfneie
"r'ii{=rrngen im Beneich Reaktorsicherheit
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/ ! . 
Estimated totaipersonnel in ge~eral NDT 7.000- a.ooo. Cj.r. l.700~persons 
. i . 
in con'ipardes wb.o -also conduct tests in ·reactor iAstallations. 
Pe1~~;onn0l Demand 
Estimc1ted increase until .1985 70, %: +. 5 •. 000 - -5 .• 500 person.s in genet~a.l 
tlDT, >vith repladement of ,retiring per~onnel c:ir. 1~900 ·to l?e newl.y Q.\lalifiea_. 
Expected growth rate in 'nuclear technolO$Y ,until 1985 around 100 %, i.e. 
cir~ 2.000 per.Sons~ with replacements ana fluctuations. estimated qualific-
ation demand 3.000persons. :Bottle necks in training f~~ilities.only 
avoidable through active 'p:t;'omc)tion. 
r . , , 
Required Typ~ of T;aining · .. 
· Intellnational comparability also with American system d~sirable., greater 
offer of ~curses for automatie testing. 
Developmerit of a form~l job pro~ile would als.o bring undesirable requi:rernents. · 
Ne~essary enhancement of,extent and division off'ormel;'·training~ expansion 





'·> :, 9.; 
~· r, 
.. ' 
Expansion of tr>airdng offer in quality and quantity, specifically for-reec;tor 
technology: thorough,.and spe.cHalised training with specific requirements for 
supervfsory personnel •.. · 
Propos~ls . . , .·.~ i · 
·specific job analysis' i.n testing :re$ctOX' components, development of a spe~~ 
. I ' 
\ . ialised qualification system; Pt'eparatipn of a aufficient number of· ledtur>ers 
I ' , ' , '. .\ ' _, , , ', . 
who themselves analyse .and develop.leat\ning steps and syllabifQr nuclear 
tec~nology •. AvailabiJ.ity ~f tra.inini f,ac:llit~es. ;and teaching aids·. Organic 
integration .with 'present IY13tem (DGZfP}. ·Coordination of univel"~ity ~ectures~ 
lJext'Stc'O~ 
ThiS/ pr-oje'ct is all"eaey completed. · 
Relation with other proj acts .. : 
References 
final report Octobe:r 19n. 
De&:ree of ~vaUabilit,Y .of the lte~:t'l~ 
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1 ;:1., 19T/-:3i.12 •. 19-J7 
:i.n i1 f.inal report. 
6. 
1 
·r. Next steps 
'· 
8. Re1Etion with Other Proj~ 
9. Bef'er•enccs 
Jlinal report B~-R-63.119-1 
lo • .De;pee of availability of .the Reports' 








RS 219 · 
Vorhabcn/Projecl Title Land/Country 
v crs;l eich verschiedener Druckbehal terlton~epte J..;FR~G;.._ ___ ...:.-_____ _ 
fiir Le i c h t was s err eakt or en Fordernde Institution/Sponsor 
Compn;"i::on of Different Pressure Vessel 




Frankfurt am Main 
Abt. Energietechnik 
--A-, u-c' ~~·,~ ::··~;;;,~~~~-:1'-,r ~; "-------r-A:-r-:-b-:ei:-ls-en-d':'"'e-::/C::-o~m-:p7te7te:-:d;--";". -----t-:L-:e-;:it:-er:-:-d:-e:-s -=v7o-rh;-a-:-b-:-e-ns-:/:::::P-ro-:-je-:c7t -:L;-e-a-:-dc_r_ 
·--~-...::L.....l..IJ.1i'---------4-~10...r.·...:!1~1w•r...7'-' 7"----~----t-~G:w•t.-..:L=aA!n~:<Z:~e~r":-----:-------
~;ur;,! n(!r i\:bcrten!StJtus Berichlsdatum/Last Updating Bewilligte Mittei/Funds 
( .. , . 
Completed J1.12.77 31f.:lo5,-- DM 
Gcn'eral Ai·m 
The aim of the study is the clear presentation of the charac-
teristic properties of various pressure ve~$:els and a compa-
rison of these pressuie vessels on the bas±~ of general com-
parative criteria. With the aid,of a techncilogical assessment, 
the most suitable pressure vessel concept ~qr a possible 
back-up solution for the thick-walled steel: ,·;pressure vessel 
is to be ascertained. 
2. Particular Objectives 
). 
).1 
Rescnrch Program :: 
The study has been carri.ed out in two steps'. 
Collection of the Necessary Dat~ 
The information necessary for comparison has been collected 
by a lite:-ature survey. It.has been supplemented by data 
obtained in interviews and disc~ssions wit~ ~anufacturers 
and consultants. 
).2 Technological Assessment of t~e Concepts 
The individual concepts have been assessed.by util{ty value 
analysis. 
~. Experimental Facilities, Comput'r Codes 
s. Progress to Date 









:1. :i. 19Tl-3i .12 •. 1977 . 
· .in ;1 firol report. 
·r . . 1\c:.:t steps 
8. f~:12t1on with Other Projects 
9. Beferenccs 
Jt'in:tl report BF-R-63.119-1 
- 2 -
lo, ~ee of availability of the Reports 
Report may be obtained from GRS-FB. 
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14. PROBABILISTIC METHODS OF SAFETY ANALYSIS 
~T~t~sf:i~IN~~-nr~o~ 2 • 7 7 Klassifikation/Ciasslflcation Kennzeiehen/Project Number 14 RS-189 
·Vorhaben/Project Title Land/Country 
Hechenprogramm fUr zuverlassigkeit und Ver- FRG 
fU~barkeit von Gesamtkernkraftanlagen mit Fordernde Institution/Sponsor BMFT Hilfe der zustandsanaly~e 
Auftragnehmer/Contractor 
INTERATOH 
computer Program for Reliability and 5060 Berg. Gladbach 1 
Availability of Nuclear Power Plants Using the 
Method of State Analysis Abt. Zuverlassigkeit 
und Strukturdvnamik 
Arboitsboginn/lnitlated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
01.01.76 31.12.78 Dr. Zeibi_g_ 
'Stand dcr Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 






Development of quantitative methods for the assessment of 
safety, availability and risk of nuclear power plants. 
Particular Objectives 
It is planned to use the method of state analysis as an aid 
in estimating the risk of nuclear pow~r plants. For'this 
purpose the relevant states of the plant have to be found. 
Possible transitions between these states have to.be identi-
fied.·The mathematical methods for calculating the state 
probabilities have to be developed. The chief objects of 
the project are: 
a ·computer program for this purpose 
the performance of an exemplary state analysis for a 
specific plant 
documentation in order to permit general use of the 
method 
Research Proaram 
The project consists of the following tasks: 
3.1 Definition of states 
3.2 First calculations 
3.3 Extensiort of methods 
3.4 Revision of computer programs 
3~5 Improvement of details 
3.6 Test runs, variation of parameters 
01.01.77-31.12.77 - 2 - RS-189 
' ' 3. 7 
4 









Experimental Facilities, Computer Codes 
A complete set of relevant exclusive states of the plant has 
to be found. The·possible transitions between these states 
have t~ be identified and transitions rates have to be esti-
mated taking into account failures, inspections, and repair 
.of components or subsystems. 
First calculations for the state model can be performed 
using the INTERATOM-program MARKOV which calculates the so-
lution of medium sized Markov processes analytically. 
The problems expected in performing 3.1 and 3.2 have to be 
solved by improving the methods of system analysis anp 
calculation. 
Results of 3.3 have to be integrated into the code MARKOV 
or other codes that have to be \'lr it ten in addition. 
A more detailed set of states for a specific plant has to 
be found on the basis of the more general model 3.1. 
Test runs have to be performed. The influence of uncertain-
ties of the input data and the potential of the method to 
cover these uncertainties has to be demonstrated by varia-
tions of input parameters. 
The code to be developed and the method of state analysis 
is planned to be made available for general. use. Therefore, 
much care has to be devoted to the task of documentation. 
Progress to Date 
The state model of the reactor plant was exten~ed by taking 
into account the storage for fuel elements (sodium- and 
gas-storage). The model is developed for the fast breeder 
reactor plant KKW-Kalkar. 
. -------~---------------~---·---









Work is started to create a state model on the subsystem-
level in order to get the failure combinations of - for 
example - one power supply redundancy with decay heat remo-
val systems ·of the reactor or the fuel element storage. 
Going down to the component level one increases-the number 
of states to such a degree, that the handling of the model 
is unpracticable. To determine the large number of transi-
tion rates for subsystems analytical approximation formula~ 
were developed to avoid separate fault tree an~lysis. 
A computer code ZUSTA was developed and tested, which 
allows to handle state models in which the Markov charac-
teristic (independency-of history) is not valid. By using 
var.iable dimensions it was achieved that the number of 
states is not limited except by the storage capacity of 
the computer used. 
Results 
Next Steps 
The elaboration of the state model for KKW-Kalkar will 
be continued. 
A further development of the computer code ZUSTA is 
necessary expecially with regard to reduce the number 
of states (registrating the time history for non-
Markovian transitions etc.) 
Relation with other Projects 
References 
Degree of Availability of the Reports 
[ ... :· ;;, .:-· ·f: 
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Ucrtc.htszcitr.num/Pcriod Klassifikalion/Ciassificlllion Kennzeichen/Project Number 
J 1 77-31 12 _77 14 RS-201 
Vorhilhon/Projoct Tille Land/Country 
~uverlassigkeitsbeurteilung fi.ir den Sicher- ?RG 
heitseinschlui3 {SE) am· Beispiel des Druck- Fordcrnde Institution/Sponsor 
wasserreaktors RMFT 
Auftragnehmer/Contractor 
Reliability Assessment of the Secondary T~chn. Univ. l-1linchen 
Containment of a P\vR 
Inst.Bauingw.III,GRS, 
Abt. f. WerkstoffEhvsi 
Arbci tsbl:'g 1 n n/lnitia led Arbeitsende/Completed Leiter des Vorhabens/Project Leadar 
1.6.1976 31.5.1978 Prof.H. Kupfer, Dr .. G. LSchu 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing December 1977 492 .. 700,-- DH 
1. General Aim 
The general aim of the project is the assessment of the structural 
reliability of a PWR which may be subjected to internal and exter-
nal load conditions, i.e. hazards. The structural reliability, as 
defined here, is the probability of survival of the structure 
within its design life. 
2. Particular Objectives 
k 
/2llc 
Based on the probability of occ~rrence of various load conditions 
and the utilization of stochastic processes the reliability for 
each particular external load case i.e. earthquake, airplane crash, 
external pressure wave will be determined on one hand and on the 
other hand the re+iability, given an internal load condition, is 
to be sought. 
'- Particular empha_sis will be given the determination of the joint · 
probability of occurrence of the earthquake together with other 
failure events. Stochas·tic models for the prediction of these 
joint probabilities I.-till be developed. The scale parameter for 
the combinations of the particular load intensities is the relia-
bility which needs not to be higher than that for each separate 
loa~ case. Furtherffiore the problem of the stochastic treatment of 
the fracture of shell structures, with reference the probabilities 
of failure of those structures, is investigated. Load effects are 
determined b~ static and dynamic structural analysis. The concept 
to be developed during course of this research project will be 
applied to the containment of the powerplant BIBLIS B. 
1.1. 77- 31.12. 77 - 2 - RS-201 
3. Research Program 
Essentially the investigation consists of seven problem areas: 
3.1 Determination of the various failure events or failure paths of 
' 
the system which ar~ to be taken into account, considering the 
originating events inside and outside of the plant. This, of 
course, with reference to the containment. 
3.2 Determination of the types of· loads to be expected acting on the 
containment and their characteristic values based on the statisti-
cally distributed failure events as a result of 3.1. 
3.3 Calculation of the relevant load spectra which result from the 
various types of loads with reference to the reliability assess-
ment. 
3.4 Evaluation of the materials properties under load effects which 
arc generated by loads as described above. Consideration of 
fracture mechanical methods for impact loads. 
3.5 Evaluation of the load effects using stochastic theory of plasti-
city. 
3.6 Calculation of the structural failure probabilities under single 
and combined loading. 
3.7 Global reliability assessment of the containment . 
. 
4. Experimental Facilities, Computer Codes 
(i'li th reference to i tern 3. : Research Program) 
3.1 Given a LOCA the ZOCO-Program is used to evaluate the load 
conditions due to the resulting pressure- and temperature in~rease. 
3.2 The mass- and energy-flow of water and steam out of the primary 
circuit into the containment during a loss of coolant accident 
is calculated with the code BRUCH at blow-dmo1n phase and -wi ti 
the code i\AK at refill phase. The built-up of pressure and tem-
perature in the steel hull is calculated with the code ZOCO. 
3.4 An experimental set-up to simulate impact load conditions has been 
developed. Circular mortar discs can be tested. The force spectrum 
as well as the resulting strains can be recorded simultaneously. 
Parallel runs under quasi-static loading conditions can be carried 




1.1. 77- 31.12. 77 - 3 - RS-201 
3.5 'For the calculation of the load effects under static and dynamic 
load action in the linear and non-linear range, the SAP and 
NONSAP-program systems are used respectively. 
5. Progress to Date 
(tvi th reference to i tern 3.: Research Program) 
3.1 According to the working .schedule the evaluation of the internal 
loads resulting from the LOCA "Large Leak" was analysed as the 
first case. For this purpose it was assumed that a leak with a 
cross-se~tional area of >1000 c~2 occuring between the main pump 
of the coolant and the pressure vessel.is the worst case. 
( 
'··· According to WASH ·1400 this failure event has an estimated pro-
bil . f of l0-4/a. ba . 1ty, o occurrence 
Following this major failure event at the end of blow-down and 
during refill and low pressure recircuiation phase maximums of 
pressure and temperature are possible. The different accident 
sequencies during refill phase result from £.unction or failure 
of the systems reactor protection, high pressure injection and 
low pressure injection. Four accident sequencies of refill phase 
have been computed to get a first glance at the different possi-
bilities of the entire spectrum of accident sequencies. During 
blow-down and low-pressure recirculation phase only.one accident 
sequence jad to be analysed. 
For calculating the pressure values with the Program ZOCO the 
following input ~ata have been evaluated: 
- the simplified one-room model of the reactor building with 
internal walls 
the mass and energy flow from the primary system into the 
containment during blow-down phase resulting from the code 
BRUCH 
- the mass and energy flow from the primary system into the 
•' 
containment during refill phase resulting from .the code WAK 
- material properties. 
The influence -of .18 parameters on the maximum overpressure at the 
ena of blow-down was cheqked by a sensitivity study. By means 
of this study the first terms of the taylor series could be cal-
. I 
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culated. After evaluating the statistical values of the para-
meters, the standard deviation of the resulting overpressure at 
the end of blow-down was determined. Assuming 'normal distribu-
tion for the parameters and taking in accqunt only the first 
terms of the taylor. series, the maximum overpressure at blovl-
down is also normally distributed. 
Besides the integral loading of the steel hull due to internal 
pressure following a loss of coolant accident, the steel hull· 
can be also locally constrained by missiles as a result of a 
steam line break. Up till now a double-ended rupture b~fore the 
~ last bending inside the steel ~ull was considered. In such a 
case, because of the assumed elastic connection (bellow) tp the 
steel hull, the pipe would wing in the form of a circular pen-
dulum till it strikes the containment afte,r 90°. 
3.4 An experimental set-up to test'dy~amic loading of circular 
mortar discs has been designed. In this way we can measure 
simultaneously the force function generated in the missile and 
the strains at different places on the disc. The time dependence 
of the implied force and the resulting strains can be observed 
with a s~tpling rate of up to 106 points/sec. The transient-
recorder is connected with a table computer for further pro-
cessing of the data. With the help of the computer a Fourier 
analysis of the strain spectrum i~ calculated. The dam~ing 
coefficient is also obtained. Parameters of dynamic fracture 
mechanics ~re calculated. All calculated data as well as the 
recorded force and strain functions are finally plotted or 
printed. 
Up to now 20 mortar discs have been tested. The impact load 
conditions have bee~ varied. 
One part of this investigation deals with the dynamic excitation 
of a mortar disc under impact load. In this way we try to 
simulate the conditions in a conrete containment. The aim of 
the· second part is prirnarely to evaluate materials properties. 
3.5 The steel hull of the containment under the load case large 
LOCA was analysed. The structure was modeled by 250 shell 
elements. The material and the shell locks"have been considered 
as penetrations. The area in the vicinity of the material lock was 
. ' 
( 





was analysed taking into account geometric nonlinearities. In 
addition.the problem of the steel hull under pipe whipping has 
been treated. The dynamic analysis of the containment under 
earthquake loading has been carried out. The FE model includes 
the possibility of consideration of the soil properties at the 
site. Failure probabilities have been calculated utilizing the 
ElCentro Earthquake record. Th~ load cases "external explosion" 
and air plane crash have also been analysed. For this purpose 
the modes of the reinforced concrete dome have been determined. 
Structural failure probabilities of the steel h~ll have been 
calculated for the following load ,conditions: earthquake, inter-
nal pressure and temperature build up due to.LOCA and pipe 
whipping. The failure probability of the concrete dome under 
external pressure wave has been determined as well. 
Results 
The numerical analysis of four failure event sequencies of the 
refill and low-pressure ph~se showed that the maximum over-
pressure at the refill phase is lower than that of the end of 
blow-down (Fig. 1). Furthermore an estimation for the low 
pressure r~circulation phase with only one coolant pump working 
showed again a clearly lower relative maximum /2/. 
The maximum overpressure in the steel hull and its distribution 
\"'· is therefore - core melting excluded - determined by the blow-
down phase, irrespective of the number of functioning calling 
units. 
The results of the sensitivity study, the standard deviation 
of 'the parameters and the corresponding change of the blow-down 
pressure are listed in table 1. Table 1 shows that one can judge 
the influence of.one parameter only, if one knows both the 
derivation per _parameter and its expected deviation. 
-
The standard deviation of the maximum overpressure in the con-
tainment of the nuclear powerplant Biblis B after a large LOCA 
is the square root of the sum of the quadratic single deviations. 
It is 0,27 bar corresponding to a mean value of 3,77 bar. 
3.4 The Fourier analysis of the dynamically excited strains indi-
cates that several different vibrational modes are present. 
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~lex~ral vibrations with the natural and higher modes are 
generally excited. In addition pulsation of the mortar disc 
is recorded. Under high impact rate a considerable amount of 
the energy is transferr~d to higher mode vibrations. 
The dynamic excitation of a mortar disc has been studied in detail. 
Different transfer processes such as travelling hinge and 
flex~ral strains can be clearly separated. 
It has been shown that the force function of a given missile 
is severly influenced by the vibrating structure. It could be 
shown experimentally that the duration of the implied impact is 
approximately doubled (in comparison with an impact on a rigid 
wall} if the duration 6f the vibration of an essential mode is 
comparable to the duration of the impact. The peak load, however, 
is reduced by a factor of two. 
An extensive literature survey of materials properties under 
high rate of loading has been carried out.· Results have been 
presented at the SHiRT'77. /2/. From our experimental results 
we can conclude that failure strain can be increased up to 
6-times the quasi-static value at strain rates of t = 50s- 1 • 
The ultimate load, however, is only doubled under the same 
loading conditions. With increasing rate of loading the failure 
mode changes from normal flexural to local shear failure, 
The maximum crack propagation in the mortar disc has been esti-
.rnated to be 250 m/s. 
3.5 Assuming linear elastic structural behavior, a stress concentra-
and tion factor of l. 7 has been determined for the boundaries of 
3.6 the penetrations of the steel hull, while the Weibull distribu-
tion shows a good fit to the yield data of the containment steel, 
the Gumbel distribution reveals an. excellent fit to the reference 
stresses {v. }lises) resulting from the large LOCA. Failure proba-
bilities for the fracture mode have been compared ~ith the yield 
failure condition. Utilizing the Griffith equation a total fai-
lure probability of the hull of 6,4·10-8 has been obtained for 
an undetected crack of 2 cm length. The respective partial 
failure probability is 2.5xlo- 3 . The respective values for the 
yield failure conditions are 9.3·lo-14 and 9.8·lo-4 • For the 
El Centra ~arthq~~kri loaaing a fai~ure·probability of 3.5•10- 3 
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has been calculated. For this case a relative displacement bet-
ween the steel hull and the reinforced concrete dome of 12 cm 
- at the height of the material lock - was obtained. Taking 
into account the damping properties of the soil, the failure 
I • -3 
probability of the hull reduces to 2.7·10 .·The analysis of 
the load case of external pressure wave resulted in a failure 
probability of lo-18 . 
7.· Next Steps 
{With reference to item 3.: Research Program) 
3.1 The time dependent pressure- and temperature values for small 
!' ... 
1... LOCA are calculated using ZOCO. The frequencies of their 
!' 
occurrence and their distributions are calculated using failure 
event sequence analysis with accompanying failure tree compu-
tations and probabilistic considerations for single failure 
sequences. 
3.4 Further experiments with circular mortar discs are planed. The 
dynamic excitation. unde~ various impact load conditions shall 
be studied. Both theoretically and experimentally we try to 
define worst cases. 
Additional tests using mortar bars shall be carried out. In 
these experiments failure can be more precisely determined. 
Therefore'materials properties are measured in a more reliable 
way. Special emphasis shall be placed on the scatter of materials 
properties under impact load. 
3.5 The calculation of the load effects of the steel hull and the 
concrete .dome 'I.-Till be continued utilizing German earthquake 
record. Load effect calculation will be continued for the load 
case of the plane crash as well. 
3.6 Failure probability calculations will be carried out for the 
various load cases mentioned in item 3.5. Combined load cases 
will also be considered. 
8. Relation with Other Projects 
I 
\.._ 
1.1. 77-31.12.77 - 8 - RS-201 
9. .References 
[1] Schu~ller, G.I.: A Concept for the Reliability Assessment 
of the Containment of a PWR, Proc. Int. Conf. Nucl. Syst. 
Rel. Engr. Risk Assess., Univ. Tennessee, Gatlinburg, 
June 20-24, 1977. 
[2} Augustin et al: A Complex Study on the Reliability Assess-
-, 
ment of the Containment of a P\\'R, Proc. 4th Int. Conf. 
Struct. Mech.· in Reactor Techn., San Francisco, Aug. 15 
- 19, 1977. 
[3] Schu~ller, G.I. and J. Bauer: Reliability-Based Design of 
the Containment of a PWR, Proc. 2nd Int. Con£. Struct. 
Safety and Reliability (ICOSSAR'77), Werner-Verlag, Dlis-
seldorf, 1977. 







1.1. 77-31.12. 77 ·- 9 -
RS-201 
Table 1 
Derivatives (ai) of the overpressure with respect to the para-
meters xi' standard deviations ( crxi } of the parameters and 
ditference (~ p.)to the expected value of the pressure 
~ 
(~pi= ai~ crxi) 
Parameter 
volume of the con-
tainment 
mass of primary 
coolant 
specific energy of 
the primary coolant 
duration of blow-down 
heat- transfer-
coefficient. 
thickness of the 
varnish layer 
heat conductivity of 
varnish 










a; [bar/%] 0 xf [%] ~Pi [ba!"],__ __ _ 
-3,2•10 -2 
5 ,·0 ·10-2 
-3 
- 1,7.-10 
-1 '8 . 10 
-3 5,0 ·10 
-3 
-4 6,1•10 
- 1,5•10 -5 
- 2,9•10 -4 
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P.arameter Clj_ [bar I% J cr [%1 Xi _. 
surface of heat-
-3 absorbing structures -3,9·10 6,2 0,02 
thickness of steel 
-2 walls 
-2,0·10 0,5 0,01 
bar/mm mm 
initial temperature 
7,4·10- 4 in the containment 5 0,00 
initial humidity of the 
-6,5•10- 5 air in the containment 20 o,oo 
gas constant, heat 
capacity of air 0,00 
gas constant, heat 
capacity of steam 0,·00 
mathematical model 3,7·10-2 2,5 0,09 
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\. The principal objective of the study is an overall risk analysis for 
nuclear power ,plants with reference to Getman siting conditions. As 
has been done in the American Reactor Safety Study WASH 1400, /1/, a 
quantitative assessment of risks will be made, which are due to 
potential accidents in nuclear power plants. Especially the KWU-typed • 
PWR Biblis B is taken as the reference plant for the study. 
2. Particular Objectives 
work on the study is ·d1vided into two temporally subsequent phases: 
Phase A is ,closely related to the methodic approach and modelling 
that has been outlined in WASH 1400. Referring to German system design 
and siting conditions it is one of the aims of the study to conclude 
some results for risk assessment comparable with those of WASH 1400. 
Phase B will be concentrated on a refined analysis of special problems, 
mainly on weak points obtained as ~esults of Phase A, or respectively 
l_ on those paths of accidents having found as main contributors to 
overall risk. / 
3. Researct Progra~ 
The study will be performed by the Gesellschaft ftir Reaktorsicherheit 
(GRS) as the ffiain contractor in cooperation with other coworking 
organizations, such as the Kernforschungszentrum Karlsruhe (KFK), the 
Gesellsch'aft fur Strahlen- und Umweltforschung (GSF) and others. The 
follo-.·ling table gives a survey on the research program and its main 
subtasks: 
3.1 Coordination 
3.2 Accident Initiating Events 
3.3 Loss of Coolant Accidents 
3.4 Transients 
3.5 Component Failure Behavior and Failure Data 
3.G Operating Experience from Nuclear Plants 
3.7 Containment and Fission Product Release 
r 
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3.8 Core Meltdown 
3.9 External Events 
3. 10 Radioactive Sourdes (outside the Core) 
3. 11 Dispersion and Consequences 
3. 12 Risk Assessment 
I 4 • Experimental Facilities, Computer Codes, 
There 1s no need for special experimental facilities within the work, 
referring however to the various subtasks of the study some computer 
codes must be available for numerical calculations 
- Reliability analysis calculations required for system analysis are 
performed with the GRS programs CRESSEX and FESIVAR. 
r~· - Calculations for desyription of core meltdo~·m and subsequent fission 
'· · product release from core and containment are performed with the 
computer codes BOIL and CORRAL used in ~JASP. 1400, /1/. 
Calculations for long-time containment response following a core 
meltdown accident, specially with respect. to pressure and temperature· 
within the containment, are carried out with the GRS-program CONDRU~ 
- Because of differences in German siting conditions non-comparable 
to those ones of t.;ASH 1400 and a higher population density within 
the Federal Republic of Germany an own consequence model UFO has 
been developed by KFK and GSF,/3/. 
5. Progress to Date 
Within the project in 1977 work has been performed on all subtasks of . 
the program. 
To 3.2 Accident Initiating Events 
Definition of potential accident initiating events mainly with respect 
to loss of coolant ac~idents, transient events and events due to 
external causes. 
To 3.3 Loss ~= Coolant Accidents --------~~~~~~~~~~~~~~ 
Completion of event tree and adjoint system fault tree analysis for 
different sizes qf LOCAs according to the requirements of licensing 
procedure. 
'!'o 3. 4· Transients 
Completion of a first systematic approach (Phase A) for an event tree 
·analysis of transients, further work on the detailed event tree and 
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'.i'o 3. 5 Component Failure Behavior and Failure Data 
Revim·J of data sources used in WASH 1400, completion of this list by 
data from other sources and from own field experience /4/, this work 
has been done partially in co9peration with the Technische Universit~t 
Berlin. 
Evaluation of failure data from the VdTUV-Statistics for non-nuclear 
pressure vessels and steam drums, performed in cooperation of the 
Rheinisch-\vestfalische TUV and the TUV Rheinland. 
To 3.6 Operating Experience from Nuclear Plants 
In order to check the event trees and fault trees, especially with 
respect to the input failure data used for system analysis, current 
operating experience of German nuclear power plants is examined. 
r-· To 3. 7 
3.8 
Containment and Fission Product Release 
Core Heltdown 
·-
Subsequent to core meltdm·m calculations complementary calculations 
for containment pressure response have been carried out with the GRS-. 
program system CONDRU. Furtheron calculations for potential radio-
active release related to various modes of containment failure 
(especially containment leakage and overpressurization) have been 
performed with the WASH 1400 code CORRAL. 
To 3.9 External Events 
Examination of design adequacy of the reference plant with respect to 
various external events (e.g. air craft impacts, earthquake, floods 
etc.}, estimation of probabilities associated with various external 
events and first analysis on potential secondary failures. 
To 3.11 Disoersion anC Conseouences, 
'\n accident consequence model has been developed for the purpose of 
.the study .. This mcdel ·essentially includes 
- atmospheric diffusion and deposition of radioactive release from the 
reactor into the atmosph~~e, 
- irradiation ex~osure and dosimetrii modeling of health consequences, 
- determination of consequences for various health effects (acute 
fatalities, la~e somatic and genetic effects) taking into account 
countermeasures such as evacuation and relocation, 
- determination of risk. 
6. Results 
--------'-
Main results obtained during the reporting period have been pr~sented 
on occasion of the German Reaktortagung 1977, /2/t and the GRS-Fachge-
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7. Next steps 
Phase A of the study is planned to be finished in the second half year 




Loss of Coolant Accidents 
Transients 
Subsequent to accident event tree and system fault tree analysis' 
reliability calculations taking into account the uncertainties of 
component failure data will be performed on the basis of reviewed data 
sources. 
To 3.6 Operating Experience from Nuclear Plants 
Work continued for further examination of operating experience from 
German nuclear plants, especially Biblis A and B. 
To 3.7 
3.8 
Containment and Fission Product Release 
Core Heltdown 
Analysis on potential containment failure response due to an energy 
release from a steam explosion after core melt (assumed to occur in 
the lower plenum of the reactor pressure vessel) . 
Compilation of the release categories depending on the results of core 
melt and containment response analysis. 
To 3.9 External Events 
Analysis on potential impacts due to earthquake events. 
To 3.11 Dispersion and Conseauences 
Numerical calculations for the \vhole spectrum of accidental fission 
product release from the containment will be carried out within the 
t'" frai:levmrk of the consequence model developed for Phase A of the 
'.,..,., study, estimates for population risks are given with respect to· acute 
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1. Gener-al Aim 
The purpose of this project is the determination o{ the incertainty of the failu-re 
rates of components and the probability of occurences of failure causing events. 
2. Particular Obiectives 
The reliability data for ]ndividual components necessary for the 
system analysis, particularly failure rates respectively lifetimes 
as well as their probability distributions have hitherto not been 
available with sufficient exactitude and specification. Therefore it 
ist necessary to compile tli.e general accessible· references and to com-
pare them with one another. In doing this, it is irnpcrtant to give. 
special consideration to data.from German nuclear power plants. 
Furthermore it seems reasonaBle to make final decision on which type 
of distribution function is to be used on the basis of actual fault-
trees. 
3. Research Program 
3.1 Compilation of relia5ility data for components. 
3.2 Investigation of mean values and distributions of the reliability 
data. 
3.3 Comparison.of the values with those quoted in l\'ASII-1400 /1/. 
3.4 Critical assessment of the data. 
3.5 Comparison of different distribution functions for describing 
the data. 
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4. Experimental Facilities, Computer Codes 
ad 3.2 Development of a computer code to calculate the n~cessary 
statistic parameters of different distribution functions for 
the data which' are available. 
s. Progress to date 
ad 3.2 Characteristi~ values of different distribution functions we-
re calculated fcir the avail~ble data of failure rates of 
technical components. 
' 
ad 3.3 Original publications cited in WASH-1400 /1/ l'lere revielved. 
Data quoted in these pub licaticns lvere compared lvi th the 
statements made in WASH-1400 /1/. 
ad 3.4 Fault-trees were calculated to investigate the influence of 
uricertainities of input data on the results.· 
~d 3. 5 Distribution 'functions lvere examined -in order to find those 
which fit best the reliability data. 
6. Results 
ad 3. 2 Statements' in different publications lvere used to compile 
failure ,rates and dispersion for technical components. 
ad 3.3 Several publications cited in WASH-1400 /1/ are based on the 
same data and are therefore connected with each other. 
' ' 
ad 3.4 Fault trees of ~e:hnical systems, which were calculated 
·using lognormal distr~buted values of reliability data, cor-
responded well, in most cases, with analogous calculations 
based on uniexponential·distributed values. This may not be 
generalized, especially for larger disPersion of reliability 
data. 
ad 3.5 The lognormal distribution as well as the uniexponential dis~ 
tribution seem to he most suitable to describe the available 
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The aim is to improve the reliability of measuring and control 
devices by applying aging .procedures still to be defined. 
The suit~bility of applying effective aging methods shall be 
proved by means of a comparative analysis bet'vmen preaged and 
nonaged devices. 
2. Particular Objecti~ 
Elaborating optima aging methods by testing different aging 
procedures. 
Investigating the failures of the devices and verifying the 
change of their technical data • 
Compiling the ::-elia_~)ility data of :the electronic construction 
elements, of the construction groups and of com9lete measuring 
, and control devices used for the investigations in order to 
calculate the reliability and corn?aring them with the data 
determined exoerir:1entall v. 
L .. 
3. Resenrch Pro~ra~ 
3.1 Elaboration of aging specifications taking into account the 
parameters: time, temperature, acceleration as \·rell a.s over-
voltage and undervoltage. 
3.2 Application of.selected ~ging methods, optimization of these 
applied procedures and definition of aging specifications. 
Testing the aging procedures in a life test running for 
2 -
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3. 3 -
approximately 3 years under normal conditions. 
Calculating the reliability of the devices used for the' 
investigations. 
Compiling the reliability data of each individual construc-
tion element provided in the devices being investigated, 
taking into account the manufacturer's data. Calculating the 
failure probability of the devices i~cluded in the test, 
using the preceding data. Comparison of the failure data 
determined experimentally \<li th the failure probabili·ties 
determined theoretically. 
E ' .l. 1 F '1'+' C t - C d : 4. xner1menva ac1 lvles, ompu er~ o es 
Applying a process-computer-controlled test system and 
various problem-oriented test programmes as well as tempera-
ture chambers and a serve-hydraulic· vibration table. 
5. Progress to Date 
' To 3. 2 The rna te.rial procurement for manufacturing the necessary 
6. 
7. 
To 3. 1 
To 3.2 
additional specimens has been nearly completed. Ho1t1ever, 
there are delays in the delivery of the construction elements 
required for manufacturing the.burst·disks' monitoring 
~lectronics, so that the manufacturing of this type of device 
can only be cornplE~ted :ln February 1978. 
One type of device (constant-current source of INTERATOH} 
could already be cc~pleted. 
The material procurement for the test setup for the aging 
and for the life test of the devices could be cornpl~ted. The 
order on the wiring of the test cabinets has be~n placed to 
the subcontractors. Thus, the design of the test setup has 
been nearly concludec. The necessary adaption to the 
available automatic test system has been initiated. 
Results 
Next StoEs 
Continuation of the work for selecti~g suitable aging methods. 
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investigated. 
Continuation of the mounting work for the test setup and 
commissioning. 
To 3.3 Elaborating the test programme for the long-time test. 
8. Relation.~ith Other Projects 
9. References 
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.1'\J ' 
Nuclear Po.vcr Plant Biblis B Fordernde Institution/Sponsor 
Er-1FT 
zuvcrlassigkeitskenngroBenerrnittlung irn Al!ftragnehmer/Conlractor 
Kcrnkraftwerk Bib lis B Gesellschaft flir Reak-
torsicherheit mbH 
Glockengasse 2 
5<XX) Koln .1 
Arbcit&beginnltniliated Arbeitsende/Completed Leiter des Vorhabens/Project Leader Hornke 1. 7. 77 31.12?.0 
Stand ·der Arbeiten/Siatus Berichtsdatum/Last Updating Bewilligte Mittet/Funds 
continuing December 1977 DH 2.928.230,71 
1. Gene.rnl Aim 
The failure behavior of canponents is influenced by various· parameters, 
as construction data, oper~tional data an:l operational stress. By ana-
lysing the data collected in the above mentioned data collection it is 
intended to estimate reliability data which are specified with res.J?I.-~t 
to the most 'imp:>rtant determining parameter. \mere possible it is iiltended 
to calculate distributions of reliability data and confidence intervals. 
2. Particular Objectives 
2. 1 Developnent of the Basic Structure and 1'1ethods for the Data Collection 
A pilot data collection was carried out in a liqui te pcx-rer plant with 
this 'experience a nev1 data base structure and nev~ data sheets have to be 
develop3d. 
2.2 ·collection of Basic Data 
2.3 
Before starting any.evaluation of reliability data it is necessax)• to 
collect all basic data of interest. 
Sett.L"1Cj up of a Data Bank System 
For :the ha.."'rlling, th~ up:iate of data and the evaluation of results it v1as 
, four1d nece:ssc:.ry to . set up a data baz'l.k sys ten. 1 
2. 4 Evaluation of Reliability D~ 
It is i.-:tc."l.:':.:;:-.: to :na}.:;e tt..rea steps in the evaluation of data to get the 
first r~sults of ~~e cota collection as soon as possible. 
3. Research PrOGram 
3. 1 Pre?.3=ation of the Dcft.a Collection 
The collection is based on a data collection hand book, which discribes 
the sheets and the rnetho:l of collection. All the coding and the structure 
of the data base has to be developed. 
3.2 Collection of Basic and Failure Data 
Tne basic data, as system and carrponen_t data, will be collected for up to 
15CXX> cornp:ments. The failure data are based on the maintenance sheets, 
which are all collect~~ and completed. 
3.3 Installation of a Data Bank System 
The data base is noanaged an::1 upjated with a data bank system. A data bank 
has to be structured arrl set up. . 
'1.7.77- 31.12.77 - 2- RS 264 
3.4 Input of Data into the Data Store 
The collected data \'!ill be punched an:1 fonnal checks are applied. After 
the storing in the data bank there is a logical check of the data. 
3.5 Evaluation of Reliability Data and Documentation of the Results 
After the collection of the basic data when enough failures are available, 
an evaluation of reliability data is planned. 
4. Experimental Facilities Canputer Codes 
The dota bank system "System 2CCO" fran r-1RI is used for storage of the 
data. 




Preparation of the Data Collection 
Tne part of the hand book dealing with the collection of basic data and 
the according sheets are nearly canpleted. The sheets are partly printed. 
Collection of Basic and Failure Data 
The collection of basic data has been started. 
Installation of a Data Bank System 
A number of data. bank systems was investigated in order to select the most 
appropriate \·1ith res,r;:ect to the different requirements. "System 2CXX>" was 
.found to fit best. 
--~~--~~~~~~~~tl~h~e~D~~.~~~~C~o~l~l~ec~t~~~·o~n . 





Collectior. of Basic a::d Failure Data 
T'ne work o£ aata collection is continued. 
' 
Installatio~ of. a Data BaP~ Svstem 
In February the tra.i .. 11ing courses for the ·".Syste:n 2CCO" are carried out. 
Tne work to i111?leme.'1t t.'"le syste"Y\ will then start. · 
Relation vlith other Projects 
The project is a successor of the project "l·b:lellfall IRS - RWE - zur Er-
mittlung von zuverlassigkeitskenngroBen". 
References 
P. IIOnke, H. Krause 




im praktischen Betrieb -
IRS-W-16 (November 1975) 
B. '\bhak, G. J:.1einlschrnidt 
- 3 - RS 264 
Ein Infonnationssystan zur Gewinnung von ZuverUissigkeitsdaten fiir 
KrafblerkskanfOnenten 
MRR 159 (Juni 1976) 
10. Degree of Availability of the Rep:?rts 
The rep:>rts are distributed by Gesellschaft fiir Reak:torsicherheit mbH, 
Glockengasse 2, 5CXX) Koln 1. 





I Vurdering af systerners palidelighed 
Title: 










Initiated date: 1970 
Status: In progress 




Hans Erik Kongs~ 
To develop methods for evaluation of the reliability of 
systems as an aid in design and safety analysis • 
... 
2. Particular objectives 
Development of computer codes, primarily based upon the 
simulation method. 
3. Experimental facilities 
- Not applicable. 
4. Project status 
4.1 Progress to date 
For the purpose of analysing the reliability of systems with 
a high degree of complexity in design or operation various· Monte 
Carlo programs were developed (-ef. 1~. The most recent of these 
programs is MOCARE •. The modelling in this program is particularly 
flexible since all conditions for the occurrence of failures can 
be specified by means of subsystems. The program will be cocumented 
shortly. 
4.2 Essential ·results 
The MOCARE program has been tested extensively for instance on 
a power supply system of a nuclear power station, with very corn-· 
plex operational requirements. 
5. Nex't steps 
The MOCARE program will be further developed to include 
options for application of variance reduction techniques as part 
of a Ph.D. thesis project (see below). 
6. Relation with other projects 
The project has close relations to the Ris~ projects con-
cerning the ~AUNET program, the Ph.D. thesis on Optimization 
of Reliability Techniques and on Structural Reliability. 
7. Reference documents 
1. REDIS. A Computer Program for System Reliability Analysis 
by Direct Simulation. H.E. Kongs~. IAEA-~M-195/17. 
B • . Availability 
-The project information is freely available apart from 
















Initiated date: 1976 
Status: continuing 






To develop a versatile program pack~ge for calculation of 
reliability and availability for systems represented by fault 
trees or networks. 
2. Particular objective 
To develop a modularization technique in order to make it 
possible to perform fault tree analysis on a minicomputer. 
3. Experimental facilities and programmes 
4. Project status 
1. Progress to date Two versions of the package working, one on 
a 16 K POPS and another on a Eurroughs B 6700. 
2. Essent~al Results The package has been extensively tested on 
fault trees and networks taken from the literature. 
5. Next Steps 
6. Relation with other projects 
it;" 
___ :.._ ___________ .....:..,.. _ _;,.. ___ ___: __ _,_ ___________________ -...,...,.-•• <"'" 
7. Reference Documents 
1. 0. Platz and J.V. Olsen, FAUNET: A Program Package for 
Evaluation of Fault Trees and Networks. Ris~ Report 
no. 348, September 1976. 
2. 0. Platz and J.V. Olsen, FAUNET: A Program Package for 
Fault Tree and Network Calculations. In Proceedings of 
ANS Topical Meeting on Probabilistic Analysis of Nuclear 
Reactor Safety, May 8-10 1978, Los Angeles, California. 




















Initiated date: 1977 
Status: In progress 




To optimize l-1onte Carlo methods as well as n·umerical methods 
in' analysis of reliability of structures and systems. 
2. Particular objectives 
Development of computer codes based on numerical integration 
in several variables and Monte Carlo methods with variance-re-
duction techniques. 
~, 3. Experimental facilities 
Not applicable. 
4. Project status 
The project is a part of a Ph.D. thesis and was started in 
October 1977. 
Until now work has concentrated on generators of random 
numbers and numbers from specified distribution functions. 
5. Next steps 
Work concerning Monte Carlo methods will concentrate on 
different variance-reduction techniques. The aim is to optimize 
the methods, i.e. to minimize the number. of simulation trials 
when a specified accuracy is given. 
. ' 
-------------~---------------~-~-----~-
., ~ 6, ?.--
Work concerning numerical methods will concentrate on 
integration of functions in several variables. The aim is to 
minimize the number of evaluations of the function when a 
specified accuracy is given. 
6. Relation with other projects 
The project has close relations to the Ris~-project con-
cerning evaluation of the reliability of systems (classification 
14) and the Ris~-project concerning reliability of structures 
(classification 14). 
7. Reference documents 
8. Availability 













Initiated date: 1977 
Status: continuing 





Automatic or, semi automatic construction of fault trees, 
cause consequence diagrams, and process plant simulations. 
2. Particular objective 
To be able to perform routine failure analyses of process 
plants, and construct simulation models interactively, directly 
from a flow sheet of the plant, the transformation to mathematical 
models being carried out by computer. 
3. Experimental facilities and programmes 
4. Project status 
1. Progress to date First version of program now working on DEC 
POP 11 ana Burroughs B 6700 computers. 
2. Future work Practical use of the program • 
5. Next Steps 
6. Relation with other projects 
-------------------- -------
7. Reference Documents 
1. Experience with ~lgorithms for Automatic Failure 
Analysis. J.R. Taylor, E. Hollo.· 
2. Nuclear Systems Reliability Engineering and Risk 
Assessment .• SIAM 1977. 






Title 1 COUNTRY Denmark 
Strukturel palide.lighed SPON~OR Ris~ National 
• __La}-~ r r~ : n r~ I 
ORGP.NIZATION Risrn 
National Lahnrn.tory 
Tit l.c 2 Project leader: 
Structural Reliability I P.E. Becher/I. l-"isfeldt 
j.--,-. 
Initiated: 1970 Completed: Scientists: 
P.E. Becher 
Status: In progress Last uEdatin9:: H.E. Kongs~ 
I. Misfeldt 
s. Weber 
1. General aim: To develop methods for evaluation of the re•iability 
of structural components. 
I 
I 2. Particul.;ir objectives: Development of computer codes, based.on 
probabilistic methods, for evaluation of the reliability of primary 
components in light water reactors, specifically the steel pressure 
vessel and the fuel element cladding. 
3. Experimental facilities: 
( 
4. Project status 
A~ a supplement to the computer code PEP 706 for calculation 
(by Monte Carlo with Importance Sampling) of the failure probability 
of a steel pressure vessel an analytical program ANPEP was 
developed.'ANPEP makes a. numerical integration of the failure 
integral by means of discreetizing of all the parameter in the 
failure criteria. ANPEP has'proved to be much faster and easy to 
work with than PEP .706 and has even been able to take into account 
correlated variables without making exessiv demands on computer 
memory oi time .. 
The computercode PFM 690 for calculation ·(by Monte Carlo) of 
the statistical crack growth based on Paris's formula has proved 
the mathematical unstability of this formula when using the most 
recent experimental data on crack growth caracteristics. 
. 
A computer program, FRP, has been developed for the stat-
istical analysis of the fuel performance. The statistical 
methods employed are either Monte Carlo simulations or a 
Taylor approximation. The program utilizes a deterministic 
fuel performance code and a stress corrosion failure criterion, 
verified against experim~ntal ·data. The code has been applied 
to the analysis of irradiation experiments. 
5. Next steps: 
Steel pressure vessel: 
Development of statistical models for timedependent phenome-
nacs like 
a) Crack growth 
b) Inservice Inspection 
c) Neutron Embrittlement 
d• Updating of distribution functions for appropriate 
parameters when the components in question has surviveded 
a major transient 
i 
FU~thermore other areas/other components (steel) and. other 
failure modes/failure criterias should be included. 
Fuel element cladding: 
a) Verification of the deterministic and statistical models 
b) Collection of statistical data for the important material 
and design variables. 
6. Relation with other projects: 
Closely related with system reliability 
o. 
7. Reference documents: 
Ris~-M~l650: Application of statistical linear elastic fracture-
mechanics to pressure vessel reliability analysis, Septemper 
1973. P.E. Becher, Arne Pedersen. 
Ris~-M-1918: ANPEP/V2, A computer program for calculation of 
the probability of failure of structures, .March 1977, H.E. Kong-
s~, K.E. Petersen. 
Ris~-M-1927: Probabilistic Approach to· Reliability predictions 
for LWR fuel rods, March 1977, I. Misfeldt. 
Ris~-M-1928: Performance of the fuel model FFRS, March 1977, 
I. Misfeldt. 
The Reliability of Nuclear Fuel. Proceedings of the ANS 
Topical Meeting on ProLabilistic Analysis of Nuclear Reactor 
Safety, I. Misfeldt. 
8. Availability The project information is freely available 
apart from cases, where commercial interests may be violated. 
' 1 .. (} 
I IA-6~ I 
I 
i 
Classification~ nod I 1 If I i 
. 
Ti tla 1' r.ouwrRY Dcnmnrk 
-Fejlanalyse af tekniske Systemer og S P.ONSOR Ris~ National 




Title 2 Project leader 
Failure analysis of technical systems D. Nielsen· . 
nnd evnluation of their reliability 
lnitil'lt.cd 1970 Completed Sc-:icnti~tn . 
-
.r .R. Tnylor 
Stntur.: In progreao Lnr,t uprlntinc; o. Pla.tz 
. 
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Titr~ •, Pays 
FRANCE 
Developpement du programme PATREC pour le calcul de 
la fiabilite de systemes complexes. 
_Orge.nisme directeur 
CEA/DSN 
Titre ( angla.i.s) Orga.nisme e.~ecuteur . 
CEA/DSN - SETSSR 
Development of the PATREC code for calculation of 
complex systems reliability. Res:ponsable 
-
., 
DSN - SETS I Fontena• 
\ 
Date de Et at actuel Scientifiques 
de~a:rage 01/04/72 terminee· 
.. 
. . 
Date :prevue Derniere mise . 
·-. . d' eche•re:tent 31/12/77 ... . 01/12/77 a JOur 
1 - Objectif gene~al 
Calcul par .arbre de defaillance de la-fiabilite ou de la disponibilite d'un 
systeme complexe. 
Les methodes de base sont : L'algebra booleenne et,la reconnaissance des formes 
etementaires. 
\_ 2 - Objectif particuliers : 
1) Optimisation avec l'aide du SERMA de la version PATREC~C permettant de 
calculer la sensibilite du resultat aux variations des paramitres d'entree. 
2) Optimisation de la version PATREC RCM. 
3) Introduction de modifications dans le programme en vue de pouvoir traiter 
directement les modes communs. 
4- Etat de l'etude 
~~:~=!~!~~-!-~_i2~! 
Ameliorations successives apportees aux versions PATREC-HC et PATREC-R.CH • 
. . . / 
. 
c 
• , l -
5 - Prochaines e tapes I 4 rD 
- Ameliorations(avec l'aide du SER:.\fA) de la version PATREC-HC, permettant de 
calculer la sensibilite du resultat a~~ variations des par~etres ~'entree. 
Optimisation de la version PATREC-RCM. 
- Traitement des modes communs. 
6 - Relations avec 1 I autres etudes :· 
Voir fiche : " Uc;ilisacion des techniques de MONTE-CARLO pour les calculs de 
fiabili te " 
7 - Documents de reference : 
"Hethodes nouvelles pour !'evaluation de la fiabilite 
formes ", B.V.KOEN Rapport CEA R 4368, Fevrier 1972. 
reconnaissance des 
" Programme de calcul de la fiabilid de systemes complexes "PATREC-DE" par la 
reconnaissance des formes", A.BLIN, A. C~~INO, G. JUBAULT Rapport DSN 46, 
Septembre 1974. 
" Notice de presentation et d·'utilisation du programme PATREC-DE", A. BLIN , 
Janvier 1976. 
" Le code PATREC-~!C", Rapport SERMA 263, Mars 1976. 
" The state of the art. of PATREC,a computer code for the evaluation of 
reliability and availability of complex systems ", A.BLIN, A.CARNINO, etc ••• 
National Reliability Conference Nottingham 1977. 
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. ";itre Pays 
P'RAl~CE 
Probleme des evenements rares dans l'analyse de fia-' 
bilite des centrales nucleaires de puissance PWR • Organisme directeur 
CEA/DSN 
- EDF, FRAMA'IOME 
. 
. , ... 
Titre (a."lglais) Crgan1sce execu~eur 
- CEA/DSN - SETSSR \ 
reliability analysis of EDF FR.AMATONE Problem of .rare.events in the 
nuclear power plants ( ?'W p.) 
Reaponsable · / 
DSN/SE'IS I Fontenay 
, .
:::tat a.ctuel Scienti:t"iques . ~na.te C.e 
' 
I ~ 






;, Date pr.::v·ue Derniere mise 
d'a.cheve::.ent 11/78 e jour 1/78 
'·I - Objectif general : 
Etude generale OCDE/CSIN sur _le probleme des ~venement~ rares dans l'analyse de fia-
bilite des centrales nucleaires de puissance. Elle a pour but de faire progresser la 
connaissance des problemes souleves par les evenements rares dans l'analyse de fia- . 
bilite des Centrales Nucl~ai;res • 
Dans ce but, six groupes de travail ·out ete constitues : 
~ - Analyse et quantification des erreurs humaines. 
- Analyse d~s defaillances de ·mode commun .• 
- Collecte et analyse des donnees. 
- Theorie de la decision et etudes statistiques. 
- Techniques de communicat'ion interdisciplinaire. 
• Evaluation de la f~abilite d'un systeme. reel. 
La France (CE.A, EdF, Universite, FR&'lA'IOME) qui:' particip.e aux travaux des differents 
groupes internationaux, a la responsabilite d'animer le dernier de ces groupes nEva_. 
luation de la fia'bilite d'un systeme reel ", groupe constitue uniquement d'experts f~an~ais. 
. .. / 
• 
I 
:2 - ·Objectifs particuliers 
Le systeme choisi est le systeme d'arret d'urgence de F~ssenheim ; ce syst~me 
~tant sollicite a la suite d'un retrait incontrole.des grappes de controle. 
4 -· Etat de l'etude : 
1 ) t:Y!!!£!!:!~.L!-~-i~ 
Cette etude a mis en evidence les possibilites et les difficultes d'effectuer un 
travail valable dans ce domaine. Elle a fait apparaitre que des incertitudes exis-
taient au niveau des donnees de fiabilite. Le probleme des modes communs et de la 
fiabilite humaine reste pratiquement entier. 
2 > B!~~.E~.L!ll!!!Si!l!. : . 
EdF a etud~e la partie analogique du systeme (depuis les capteurs j~squ'aux 
declencheurs a seuil). Le DSN a etudie la partie logique (jusqu'aux disjoncteurs 
de maintien des grappes) du systeme et s'est charge des calculs. 
Les informations regroupees EdF/DSN,- ont permis a. ce dernier d' etablir 1' ar""' 
bre de defaillance du systeme. Pour ce faire, on a utilise le code CHAMBOR. 
L'etude quantitative a ete realisee grace au code PATREC-RCM. Elle a mis en 
evidence l'importance_des disjoncteurs de maintien des grappes dans le resultat 
final, ainsi, comme on pouvait s'y attendre, que l'importance des defaillances 
de mode commun. 
J.as valeurs retenues et les resultats sont consignes dans les deux tableau~ 
suivants: 
Dispositif Taux de defaillance (A) ou refus a la demande (d) 
Voie AT. temperature A· 4.10-s/h ( ' .. ' 
Voie puissance ~- 4,8.10-5/h ' .-, ,, 
neutronique 
Disjoncteur d - 3.10-s/d 




















~ MCT+MCP MCR 
0 0 0 
.10-2 4,4.10 -7 1.10~6 
I 
10-l I 1,6.10 -5 1. 1.0 -5 
1 1. 10-3 ' 1. 1 o-4 
B _ A(ou probabilite) Mode Commun. 
r - ~(ou probabilite) Mode Propre. 






r- HCP • Mode 
commun voie temperatures. 
commun flu.~ neutronique. 
...... MCR • Mode relais. commun 
MCD "" Mode commun disjoncteur. 
Probabilite resultante 





La t~bleau donne la probabilite resultante pour 4 valeurs relatives des modes 
communs par rapport aux modes propres. 
Le resultat·doit etre interprete de la maniere suivante : 
Au temps t , on fait un test pour s'assurer du bon fonctionnement du systeme, 
au bout d'un teg_ps T egal a 1 mois (720 heures) on fai't un cleuxieme test ; les va-
·leurs de la derniere colonne donnent la probabilite de trouver le syste~e defaillant. 
Par ailleurs, le groupe· de travail "analyse et quantification des erreurs"hu-
maines a deja fait un certain nombre de r~arques fort interessantes sur la maniere 
dont sont effectues les tests en reel et les possibilites d'erreurs humaines liees 
a rles situations genantes. 
5 - Prochaines etanes : 
L'etude se poursuivra en 1978 par : 
- Une analyse plus fine du systeme. 
- L'etude des mecanismes des grappes. 
- Une recherche de meilleures donnees et la reprise des·calculs en,vue de l'a-
melioration de 1' estimation, en foncti~n des renseignements provenant d' autre.s 
groupes de travail. 
r, ,.., 
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., ' 144-3-01 I 
Titre 
Probabilit~s d'accident : 
Evlnements initiateurs d'accidents sur les PWR et 
sequences d'accidents. 
Titre {ar.glais) 
' Accident probabilities : 





eu cours c· ~-----------------+------------------~ Date pre~J.e 
d'achevec.ent 12/St 
1 N • •- • • 1 - vO]eCt~: genera 
D~rniere mise 













Determination des evenements initiateurs d'accidents par parte des diffirentes 
barrieres dues a des agressions. Construction des arbres d'ivanements.a partir 
de ces initiateurs et determination de sequences accideutelles. 
t 
I ......... ~ 
·1 .V- Etat de 1 ''etude : 
i 
1 . 
-·; . ~!!!!£!!!!!.E .. !.a.i2~! ; ~~ 







5 - Prochaines e·tapes : . 
- DeterQination des initiateurs. n 
- Essai de quantification de certaines sequences. 
I I 
__ ... ,_ ... _____ --- -- - ---------
. .. / 




"Oetermi:nation of initiating events and sequences of reactor _accidents by a barrier 
analysis" • A. CARNINO, J. DUBAU ·• 
International conference on Nuclear system, reliability and or assesment 







~ 11 • 1 154-t-07 
164-t-02 
Tit:-e Pays 
Modelisation du taux de defaillance de vannes en FRA.l.~CE 
fonction de ditferents parametres. 
Organis:ce di:-ecteur 
CEA / DSN 
Titre ( a.::1glais) Organis:ce executeur 
CEA/DSN - SETSSR 
'. 
Modelisation of the failure rate of valves in ter·ms 
of different parameters. ResJ;Jonsa."ole 
-
- DSN/SETS- Fontenay 
( 'Date de Eta.t actuel Scientifiques 
.,. 
1/12/77 en cours a~ma.:-:-a3e 
Date prevue Dertliere . m se 
d'a.cheve:ne!lt 30/6/78 ... . a. JOur 1/78 
1 - Objectif general : 
Il s'agit de trouver un modele de fiabilite pour les vannes permettant de prendre 
en compte l'influence de differents p~rametres. 
2.- Objectifs particuliers : 
J ... _,/ 
l 1) A parttir des donnees tirees du fichier de defaillances d'EDF a St. LAURENT-des-
.EAUX , on s'efforcera d'etablir des correlationsentre les caracteris~iques des 
vannes (type, taille, pression, fluide, etc ••• ) et les taux de defaillance obser~ 
ves • Les methodes de l'analyse statistique (analyse de la variance, etc ••• ) 
seront'utilisees. 
' "' 
2) Une analyse supplementaire et apP;rofondie d' une p.artie_ du fichier de ST. LAURENT 
des-EAUX sera necessaire. 
3 - Etat de l'etude : 
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d~faillances FRANCE Construction automatique d'arbres _de 
a partir de diagramme• logiques. Orga.nisme directeur 
CEA/DSN 
Titre (an;la.is) Orga.nisme ex,cu.t.eur 
CISI 




-Date de Et&t actuel Scl.entiriq;u.es 
~ee:3.!"r!.g9 1/6/77 en <:ours -
Oa~e pre·,.....te Del"niere c.ise 
d'a.ehevr-ent 3.1/12/79 1 j 0\.U" 1/78 
L 1 obj~cttf global de ee projec est la construction automatique des arbres de 
d4faillance$ pour les analyses de fiabilit~ de systemes a partir : 
- d'arbres llamentaires stockes en bibliotheque. 
- de diagr~as logiques. 
• si possible de diagra~as de fonctionnement. 
Trois points justifiants ce projet : 
1) La tonstTu~tion d'un arbre de fautes est complexe, fastidieus~ et sujeet• 
l erreuts. La construction automatique libere l'ingenieur de cette tl~he ingrate, · 
2) Le stockage en bibliotheque d'arbres elementaires diminue considerablem~ht 
1es temps de calculs globaux car les calculs partiels ont eta effectuet uaa fois pour toutes. 
3) La ptobl~me du passage du diagramme de fon~tionnement a l'arbre de fautts 
admet g'neralemertt plusieurs solutions. Le temps de cal~ul varie lno~e•ertt 
avac la ~olutiort choisie ; 1'etude entreprise pe~ettra d'optimiaer la ~hoi• de la solution. · · 
... / 
2 - gbj~ctifs particuliers : 
1) Construction d'une bibliotheque. 
Les arbres el~entaires representes en notation polonaise (endorder traverse). 
- Les listes des structures. 
- Les lois de probabilites. 
-Cette bibliotheque devra son efficacite (id~ntification, temps d'acces) a l'uti- · 
lisation du "traitement de liste". ("list processing"). 
2) Developpement de petits programmes au.'tiliaires pour augmenter, diminuer, modi~ 
fier ••• etc, le conteuu de la bibliotheque. 
, 3) - Mise au point du stockage de la bibliotheque sur supports externes (bande, dis-
que ••• etc). . 1 
C' 4) ~ Cocpatibilite du code PATREC avec la partie de la bibliotheque relative aux 
........ 
arbres elementaires. 
5) - Compatibilite du code PA'IREC avec 1 1 entree 11diagrammes .. logiques" de la biblio-
theque. 
6) - Si possible, compatibilite du code PATREC avec l'entree "diagramme de fonction-
nement " de la bibliotheque. 
4• Etat de l'etude: 
Avancement et resultats obtenus 
----------------------~--------
Ce projet se deroule en deux etaoes pour chaque objectif partiel 
Developpement d'une theorie informatique d'une part, ecriture du programme d'autre 
part. 
L~ premiere de ces deux etapes " developpement d'une theorie informatique " est 
franchu par l.es objectifs partiels 1 a 5 ; la seconde "ecriture .. d'un pro"gramme " est~ · 
franchie pour 3 et en voie de l'etre pour 1 et 2. 
5 - Prochaines ltape! : 
Pour la partie theorique la prochaine etape est l'objectif .6. Pour la partie program• 
macion, on travaillera principalament sur l'objectif 2. 















6- Relation avec d'autres etudes : 
Les resultats de cette etude seront utilises ulterieurement clans le programme PATREC 
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Tit:-e Pays 
FRANCE 




Titre (anglais) Organisme e:cecuteur 
CEA/DSN - SETSSR 
Human factors in nuclear safety 
Responsa.'ble 
' • .,.·> 
DSN/SETS /Fontenay 




- . Date .. Der::tiere mise prevue 
d'acheve!!lent. 31/12/81 ... a jour I/78 
-~ Objecd£ general ~ 
Lorsqu'on etudie la causalite elementaire des accidents ou incidents.nucleaires, 
on constate que les composantes d'origine humaines sent majoritaires. Il est done 
capital de s'efforcer d'etudier scientifiquement l'organisation humaine,3eme com-
posante d'une installation nucleaire. 
~- - Objectifs particuliers 
1) A partir du fichier d'incidents des reacteurs franiais '(de 1972 a 1976) 
Recherche approfondie des erreurs humaines, avec evolution des facteurs. de 
·risque d'erreurs humaines, en fonction de l'age de la centrale et leur relation 
avec le degre d'apprentissage des operateurs. 
. .. 
2) Analyse fine de quelques erreurs humaines ayant entratne. des incidents· et 
concernant les tests de controle. 
3) Etude detaillee de la procedure de tests de controle du systeme d'arret 
d'urgence de Fessenheim. 





04 /4112-20 14 !54-I -04 ::t: 1 1 • I 
Titre Pays 
FRA.:.'fCE 
Utilisation des techniques de MONTE CARLO pour les 
caJc.uls de fiabilite. Organisme directeur 
CEA/DSN 
Titre (anglais) Organis::o.e e.:<ecuteu.: 
CEA/DRE - SElt."1 . .'\ 




Date de Etai; actuel Scien.ti:'iques 




Date .. Derniere mise ~reV"~e d.'ach~ve!:le:c.t 31/12/78 ... . a JOur 12/77 
• 
- Objectif general : 
Amelioration du code PATREC par les techniques de MONTE CARLO. 
2 - Objectifs pa~ticuliers 
1) Les objectifs prevus sont la· :determination des bornes de 1' interval le de con-
'~· fiance d'ud resultat ·de calcul par arbre de defaillance compte t:enu des inter-
valles de confiance des composants eteme;ijtaires. Diverses app-lications seront 
realisees. 
2) Une etude MONTE CARLO sera etendue a la resolution analytique d'un graphe de 
MARKOV a transitions non constantes. 
~- Etat de l'etude 
1) ~!.:~~-=~~-~5.:_12::! 
' Une version de PATREC a ete ecrite pour le calcul de l'intervalle de confiance 
du resultat final d'un arbre a partir des int~rvalles affectes aux donnees. Un 
biaisage a et~ realise pour certains cas. 
2) Resultats essentiels 
--------------------Code de calcul, PATREC-XC actuellement operationnel • 
. . . I 
-
5- ~rochaines ~tapes.: 
Reagencement et reprogrammation de certaines parties de PATREC pour y inclure une 
verification et une evaluation de modes.communs de defaillances dans_un arbre de 
d~faillances. R'solution,de graphes da MARKOV l transitions non constances par 
MONTE CARLO. 
6- Relaticn avec d'autres etudes 
voir fiche " Developpement du programme PATREC " 
7 - Documents de references disponibles 
"The state of the art of PATREC : .a computer code for the evaluation of reliability 
an availabilitY, of complex .systems" - A. BLIN, A. CARNlNO, etc ••• 









Etude de processus stochastiques 
(processus de Markov non homogenes) 
Titr~ (s.::.gle.is) 
Study of st'ochastia processes 
'(non homogeneous Harkov Processes) 
14 








'~· C.e::.ta.r:"a.ge 1/1 /78 




- Objectif general 
Deruere mise 
a jour 1. 1. 78 
Quand les taux de d~faillance et/ou les taux de reparation ne sont pas constants · 
(lois non exponentielles), le calcul de la probabilite de defail.lance de systlmes 
complexes necessite une methodologie applicable &uX processus de Markov. 
La presente etude vise la mise au point d''une telle methodologie •. 
..._.; - .Objectifs particuliers 
\. 
1) Recherche d' une formule generale correspondant a un sy,s t:lme de Markov non 
homogene ( taux de transition entre etats du graphe non constants) 
2) Preparation d'un algorithme en vue de l'ecriture ulterieure d'un.code de 
calcul permettant de resoudre certains p~bl~mes rencontrls da.ns les ~valua• 
tions de sureti. 
4 - Etat de l'etude 




.. ~ !', , \ 
• ! 
5 Prochaines etanes : 
Recherche de la formule generale correspondant a 1 ~o-bjectif particulier 1) • 
6 -- Relation avec d'autres etudes 
Les resultats obtenus devront permettre de traiter certains problimes d'ev~luation 
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':itre Pays 
'FRANCE 
Disponibilite de systea;.es en attente periodique-
ment t:es tes. Organisme directeur Approche analytique. CEA/DSN 
.. 
--
Titre (a::glais) Crganisoe executeur 




. __ .., -
DSN-SEIS • Fontenay 
' 
nate C.e ,. ' Eta.t actuel Scientifiques 
,'I, ~.:a: rage 01/12/75 en sus pens I 
. 
,, 
Date , prc:\"'Ue :Uer:1iere mise 
C!.'acheve::.ent. 1978 a jour 12/77 
- Objectif general : 
- Calcul de la disponibilite instantanee et moyenne des systemes en ateente testes 
a intervalles reguliers. 
- Optimisation de la disponibilite moyenne. 
2 - Objectifs par~iculiers : 
l) Elaboration d'unaformule d'indisponibilite utilisable par le code PATREC.· 
2) Calcul de la disponibi.lite d'un systeme a r composant. 
3) Calcul de la disponibilite d'un systeme complexe. 
4) Prise en compte ~e parametres divers. 
11 
... / 
· 3 Etat de l'itude : 
I) ~Y!2£!~~S_!_£!_i2~! : 
Les objectifs N° 1 et 2 sont realises, une methode a ete proposee pour aborder 
l'objectif N° 3, quand a l'objectif N° 4 il vise A l'amelioration du modlle 
mis au point dans les 3 premiers objectifs. C'est a dire qu'il n'a pas de limite 
definie a priori mais des resultats partiels ont ete obtenus. 
2) Resultats essentiels : 
-----~--------------
-Mise au point d.'un modele conduisant par un formalisme rigoureux a l'elabora-
tion de formules a~alytiques pour : 
- le calcul de la disponibilite instantanee previsionnelle d'un systeme 
considere comme faisant un seul bloc. ~ 
- le calcul de la disponibilite moyenne d'un tel systeme. 
- l'optimisation de l'intervalle ·entre test d'un tel systeme. 
- Mise au point d'une methodologie permettant grace a un raisonnement "physique". 
base sur des hypotheses cl' approximation generalement verifiees en pratique de· 
~~: faire les memes calculs que ci-dessus. 
- Regroupement des 2 methodes les formulas approchees trouvees directement par 
le raisonnement "physique" se retrouvent bien comm.e deyeloppementslimites des 
formules rigoureuses. 
-Mise au point de la theorie permettant de.~alculer par PATREC la disponibilite 
de systeme complexe en utilisant les formules ci-dessus comme des lois a eutrer 
dans les feuille.s des arbres .de· defaillance. ' . 
R~solution~analytique rigoureuse d'un systeme a 2 composants identiques en re-
dondance paralle~e et d'un syst~me done la duree du test ne peut plus itre con• 
sideree comme negligeable. 
-Resolution analytique rigoureuse d'un systeme dont l'efficacite du test u'est pas 
de 100 %. 
- Mise au point de version provisoire des codes INDI-1 ·et INDIGO bases sur le mo-
dele ci-dessus. Ces 2 codes ne sont que des etudes de faisabilite destines a la 
verification des formulas mais non destines ·a un usage exterieur dans leur eta 
actuel. 
4 - Prochaines etapes 
Cette etude est a l'heure actuelle en suspens. Neanmoins les prochaines etapes de-
vraient etre : ., ' 
'- Mise.au point de versions definitives de~ codes INDI-1 et INDIGO. 
Affinement du modele pour la prise en compte du maximum de parametres permettant 
decaracteriser ·plus finement le systeme en attente de fonctionnement periodique• 
ment testes. 
Il faut considerer qu'une etude comme celle~ci est ouverte c'est a dire n'a pas de 










s~- Relation avec d·'autres etudes : 
Relation avec l'etude du code PATREC 
Relation avec l'etude menee en collaboration avec l'IRIA 
7 - Documents de reference : 
-Rapport DSN N°1l3 Disponibilite de systemes en attente periodiquement testes 
JP.SIGNORET- Septembre 1976 
Rappor-t DSN N°129 : Suite du rapport DSN N°ll3. 
Calculs approches -.Optimisation 
JP SIGNORET- Decembre 1976· 
:l ; 8 - Deg,re de diponibilite 
1 
.; Libres • 
. , 




















.. , . 
··. . ... ~: . 
' 




o 0 0 
0 I 
0 
~ 0 0 °0 0 I : l, 0 0 I 00 0 0 
0 
.. . . . ··\ . ·.:.:,·:C.<: ..... : ·. . . 
. '. . :I. . . . . . ' . . . . . ~ . • .... ',; 
• • • • • • • • • • • • • • • • • • ' • • •• • ' • • • .. • •••. 'S ; ' ., •• • ~ ' ._:, ·: .. • 
. ~ ... l : . . f ~ ·:· : : • •• •• • : • • ••• • • • • ·.. • • • ; •• • ...... •• • .. • • • • • • tl,. • ·:. • . 0 
. i
I '. .. ·. · .... t 
• • • .. •• - t ••• •, :' : .• • •• • • ~ . : .:• ·~: • • ·.::_:·:·~.:-.:··: ' • ' • • 
. . . . . : . ' .. ' . . ... ~- ;·_:~ ' ... · .. ; : ~ .... : . . . : .. ·. ·. . . . 






























I j . 
. { 
'i 
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; Fault analysis o£ the . conventional is- 14 . - f 
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.l~~m~-T-R-Y--------~~~-0-00-~-I-~-T-I-O-N---:-----~~ 
.li -~-------------.....:... ____ .. _·_· FRl\NCO TOSI S .p.A.. . i. 
. . t 
i .PATE INITIATE~ April 15, 1 975. PROJEC~P LEADER : j 
1 DA~~~'~LETED ~ril. __ 1_5_,_._,_9_7_6----------~-·-\-'i_t_t_o_r_~_·o __ B_E_o_o_G_l~~~ _____ j 
.. ·. 
•.' 
l _Dcsc:r:i pi;iog 
.' 
' 1) Research program· 
·.:... Fault tree pefi.ni tion of the conventi011al island of a :.~JR 
. · nuclenr pmver plant · 
-,Fault data·c~llection ·oi the syste1i1'.s components. Apc.:::sis ar.::. 
., treatment of the fault data~ 
-'Reliability.and availability ev.aluation of the 3ystem~. 
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3) r~cference documents 
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The research pronal'!l dP.als with apnlications of 'the theory of stocha-
. stic processes 1:-o rP.a.ctor safet"!r studies. ~ho•t ax-e litiracted to ass'1s-
sinrr, the corrnct ~~rform~nce of in-cor~ and ex-core instrumentation,· 
to oafet~r monitorinl!' and ee.rlv detection .. of abnoTmal ·O'Peratinr. condi-
, tions and/or malfunctions. (Preliminary research :~tor .-.!!.a.rly fe.ilure . 
Efforts up to now ara : . detection). 
- set-up of a pe.nP.ral thaor~r for multi-d:~tector reactor-noise analy-
sis in erp.odic conditions. non-e-oUJ'libriUTil con6.itions· and during) 
. . 
· 1 \., pulsed llXperiment s ; · , · 
' o- 'experimental determination of nuclear reactor kinetic parameters 
: and control of multi-plvinr. assemblies ;that niu::t b.e kept subcriti• 
· cal ; · · · 
I 
-
The g.:m'::!r!-11 thGory will soon be expanded to il1clv,le problems related 
to heat transfer ( fluctuations in temperature. pressure aqd void 
volumes ) and to a -pr~liminar,, analjsis of sip.ni~ica.nco of acoustic 
noise anal vs is. 1 • -
Fnciliti~s 
/ 
,-~four lirht-watP.r rf'.lactDDs ( ROSPO~ RANA, RITr.10. TRIGA \ and. a 
copper-reflected hirhlv-~nrichad 'tast'rePctor ( TAPIRO' 
· Ref~r~rice list ., · -
····- ·n:·PACITJIO, V.M;·· .. ronro'"_: I •:• .. • • ...,. Review of· Intt:~rno.tional No·ise Corlferance 
1974) held in RO'l\a ( Octobtlr 21-2-5, 
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Title 1 (Original langua'ge) Classification 
I 
14 
Title 2 (English) Country ITALY 
Interactive 'synthesis of Fault Trees Sponsor CNR-:-EURATOM 
for Safety Assessment of Nuclear Organisation Power Plants 
CESNEF-Politecnico Milano 
. Date initiated. 1976 I Project Leader 
Date completed 1978 
s. GARRIBBA I Last updating April 1977 
DESCR:r;PTION . / 
Each component from the system is the domain of local functions 
which express, for all normal and abnormal operating conditions, 
the flow variables (i.e. the variables characterizing transfers 
of fluid, load, ·heat, electrical current, etc.) or which express 
the constitutive variables (i.e. the variables describing ruptu-
re, damage, blockage, etc.). The consideration of a·number of ag 
ditional virtual domains also allows to make explicit external 
influences. (e.g. human operators, maintenance, fires, missiles, 
etc.) in terms of variables. The local functions are interrela-· 
ted through transfer matrices. Localized transfer matrices are 
pieced together to form.the Approximate Descriptive Model (ADM) . 
of the system. Then, steps.towards the generation of an isomer~ 
phic fault tree are : i) qefinition of the top. event~ ii) Numbe-
. ring process •. Numbers are assigned. to certain points of flow 
sheets in a certain canonical manner. iii) Translation otoc~ss. 
iv)· Free reduction process. These steps will be implemented by 

























.... . . . 
·• 
.,.. ...• 
. . .. .. .· ~ 
# f • 
. . 






;,' ' ... . .. ' /. ' 
·~ ·-· ' . . . 
. ... 
,, . 




·• i • ; 
~· . 
' .. 
Title 1 .(Oda~nnll~n~c;~.g~l . · . . . 
'bviTUpi:>ct'c:i:l unn"procc urn a.va.nzo.te. per l t a.no.li- ' 
t'i' di siourezza. di un P.·lR se(Wendo l' a.pproooio .· · 
p1•ob~biliotico. \ 
Title 2 {f!;nglish) 
. 
. 
,Devclopmcn1t of an advanced prooo.dure . for the 
I '1 p,.m safety a.na.ly~is follo\.zing the proba.bJ. ist 
. ' 
approach 
. .. , 
" " 





'. Date complet~d 1980 ' . 
• . ~§:t updating_ April 1977 
. 






























Devclopmen·t of a. procat'Ure for the design. of· the engineered safety foat\.U'cs 
. of a.. H'lR pla."lt \l'sing the-reliability tech&"lique_s. ·• . 
Prepar.ation a.nd linking of digital pro~Jrnms to perfom the safety analysis ; 
. ·. ;o.f a. ~m ·plant tP.i-ough a. synthesi~ o.t:'-tbo a.cciden~>-eialysis methods With 




· 2. -~~cu:l.o.i• ;o:)jeptivcs: · · · 
Application of the .above proct,dUre ·and ·digital. proffo~s to the dcm4.gn ·or 
the experimental loop OLEOPATltA -to .be inse~tad in ·tho ESSOR rea.otor. . . 
. ' I Application of the 'sama\ tecllniqU.os to ~he. enalysis nnd "interiorization" 




.. ' ... 
• . ' ~. 
. •. 
li\or 'Or:.ch accit,.cn~ t.o be cnn.lyzed~ a. d~ta.il.'ed "ovont<t..roe" . hns been 
. dovolopcd. in ordel." to ostablish:•a) the different, P.O.r.h the accident 








. a.nn.lyzo thb conoequericf!s . of tho accidents'. · 1 
An. £>.ne lysis, of the v~.rio\.\.~ ·· reliabilitt· progr~o a.vn,U.nble has ba'en performed • 
Wi'th the C.\:r\ilablo prograr.o a· probabilistio analysiD. of' tho LOC.~ in. the ' . 
. ' 




'· ; •. llext 'r:fteP.E!. . ' 
a) _'l'ho di(lito.l proc,'l•o::io noooo~ary for 'the ;,al,Ysia ;;:_ eaoh e.oCident' patlt .. 
· ·}~ll.l bo &et up {dctorminiotic pro~rama~ · ~ 
... 
. ' -' 
,,. • ,, !, ' .. 
.... ~. 
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Title 1 (Original langua~ . 
SviluppQ _d; W'le. procodura avanz~ta. per. l' ana.l.is 
-di ... ·s~oure-zz9- ... 4i , un tWR segu.~tldo l' approooio , · , !: 
prob~bilistico. 
, ·,: L. ! ·. -~ 
. ' 
Classification 
·. " ', : .. i '' 14 . ( ' . .; ... '· 
' 
•" 'I • :' ',• 
. . .. . ... 
· b) The' results of the de~rministioprogra.ms \dll be coupled with the results 
~l.·:."' -·~· ... ot the proba.b'ilistio·.progrnrns. . . ., . 
o) .Tho completo pl-oced.ure will be used for the desian of the' F\·m· engfileered. 
·saroty ·reatut'os.~ · · · , . :·· ,_, · l '~ ·: 1 1·· · 
.. 6; · R~latibrl' to othGr'·;pr:ojoot~' .;· · · 
Th~,~gitGl programs for the LO~\ analysis d~saribed in,the other project 
""("Dovclopnicnt of ·a 'chain of digital programs for the LOCA analysis of a 
l'.·/ll) trill bo utilized • 







........ : ··' 
liot ·yet·· prepa.rod:· I I,' 
lJe.eyee ~f'. a.vd1abilit:Y 
·" ,; ' To a limited extent 
Budget, l'erso~,nol iTrV'o1 vad . 
8 eng~neera for 5 years. 
' . ; 











l,,i~ ..... ~.! .. ~ ~· .... I <: L' 
.... 
' ' ·~': ' 
·' 
. ' . 















. · . 

















' f "' 





























.o 'I~ ' 
•. 
... 











Title 1 {Original language) Class ifi<;ation 
14 ; 
Title 2 (English) Country ITALY 
Fault-Tree Sensitivity Analysis for Sponsor IAEA 
Reliability Calculations in Organis~Jon Nuclear Power Plants 
. ' CESNEF-Politecnico Milano 
~ 
Date initiated 1975 . '' Project Leader . 
. 
Date completed 1977 s~ Garribba 
Last updating Sept • 1976 
. DESCRIPTION 
'The research project has the main scope of developing a method 
and a computer code for the sensitivity analysis of a system 
with respect to variations of input parameters for primary 
events. Topics to be covered by the research are as follows 
{i) :e_roblem definition with a particular concern for nuclear 
safety systems~ (ii) sensitivity analysis with respect to pri-
mary events .. The most suitable approximation for system avai-
lability computation and the most significant parameters to be 
perturbed will be investigated. 
The study will imply distributions of failure and restoration of 
the types: exponential, normal, lognormal, ganuna, Weibull. 
(iii) sensitivity analysis with respect to the minimal cut sets. 
The main purpose of this part of the work is .to weight each mi-
nimal cut set with respect to· system availability. · 
(iv) overall sensitivity analysis. The behavior of the system 
will be investigated as depending upon perturbat!ons in the whole 
set of primary events. The most. significant cut ·sets will be 
thus extracted referring ,to t~e joint perturbative contribution 
of all ·primary events. This type of _ari analysis results parti- .· 
cularly useful in the design and oper~tion of nuclear power plants 
and safeguards. . · . . . · 
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'fiTLB 1 (original lancua6e) Classification 
Studi di aff;i.dabilita 14 
' 
TI'l'LE 2 {enclish) ,Country: J:'fALY 
Sponsor: CNEN 
Reliability ~tudies 
Ort~anisa ti:on: CNEN .. 
. 
l>ate initiated ·october 1~74 ·l'ro~ect Leader .. 
.. 
l>ate completed in· progress Tomassetti· G. 
, 
Last updating June 1976 
General aim 
'Reliability stud;i.es of reactor components. 
,. 
Failure mode effect analysis of mechanical comp~nents of experiment~ 
loops and data collection 'techniques. 
Experimental facilities 
Reactors. and out of·pile loops of Casaccia Nuclear Research Canter. 
Project status. 
The formats for reqording component events and related codifying 
• 
techniquee· have. been prepared. ·wor~ is un~er progress for 3 plants 
(2 experimental reactors, 1 thermohydraulic loop). 
Next steps · 
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Title 1 {Original language) 
Raccolta dati di affidabilit~ 
Title' 2 {English) 
Reliability data collection 
I 
. Date initiated I974 
Date com:eleted In.progress 














Studies on reliability data banks through exper.imental and metodo 
logical work on;data collection field. 
,,., 
Particular c-bjectiV'es , I 
. ' 
Analysis of reliability data 'trans.f.erab:i:lity from one plant to . 
. other ones in different general contexts. 
.Experimental facilities / 
CNEN experimental and conventional,plants 
Project status; next steps 
Data from a sodium.loop wer~· elaborated; data collection from 
Diesel groups and nuclear facilities is under progress. 
Reference documents 
~ ~roblems of experience data collection and use'~ ' 
II Reliability D~ta Bank Seminar, StocWPlm, March I977. 
Degree of availabilitl' 
,"'1 I, 
. 
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DatE: initiated 1966 Project Leader 
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Date C'jm_Eleted in progress 
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Title 1 (Original language) I Classification 
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Diog~ostica e Sicurezza tramite Analisi di Ru- fil- 14 mor<! (Parte A) ··· 
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Safety and Diagnostics Via Noise Analysis 
(Part B) 
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Dat{;t initinted l/l/HJ76 
Dat(~ com2leted in progress 
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PTIOJECT 'l'ITLE . . .. . 
Evalu.'ltion oE the rl.sk of the rupture 
of a P~IR reactc:c pressure vessel L\fR 14 
. 
SPmiSORING . COUNTRY . ORGANISATION . . • 
Com.i\is.sion o.f the European ColTh-nuni ties J.R.C. :tspra 
' 
DATE D·ITT~ATED . 1976 ' . PROJECT LEADER . . • 
DATE CONPLETED 1977 .. G. Volta/A.Lucia . . 
'\ 
I 
1. G~neral aim 
Rupture risk of a P'i'iR pressure vessel. 
2. Particular objectives 
Development of a general computation method.for evaluating the 
probability of failure of a nuclear vessel, on the basis of 
Probabilistic fracture mechanics and of i!lput data given.as 
histograr.1s. 
3. Project statv.s 
The Coval 2 code allowing to handle dependent variables has been 
compl~ted and it has been applied successfully to first cases 
proposed by CEA. 
4 • .trext stens 
The methodology that has been set-up will ·be used for investi-
Jdtir:.~ Ll.·~ ,::jc1:~ra: prol-l~lh o.f press·.:-'=-- ve~sel reJ.iabili t~t ~ '-:rJ-
_riation in lo~d condition, in initial ,fault ·dimension and lo-
cation, i:n tnaterial toughness, etc. will be· taken into accoun"t. 
5. Refer~nce documents 























































TITLE I"~OJECT . • 
3t:atun ROt'O:r't on O.lta S)rStems L~·/R 14 
. 
SPO~TSORI:L·IG . COUHTRY . ORGANISATIOH . .. . 
Co::1mi. ssio11 0.~ the Euro?ean Communities JRC 
-
Ispra. 
DATE IH1i'IA~D' : 1'9~-.~~ '. \, PROJECT .. LEADER . .. 
' .. ~ 
DATE COr-L~ETED . . 1977 . G. Volta 
I\ 
1 • General aim 
Inves_tigatiorl of possibilities of pooling data on L. vl. nuclear 
po·.:,er plants in some form at a European scale in the frame 
work of the Reactor Safety Programme. 
2. Particular objectives 
In the first instance it is necessary for Isp:;-a to have a re-
view of all the existing systems and the existing source.of 
data and how they are being used. 
It is pertinent that :this review should· in fact begin to show 
the pro:)lems that may exist in corn.-nunication of data-information 
between the European orga11izations. 
Ti1ere is a need for uniformity in the various concepts, such as 
,, 
- ·aays and means {n ';.rhich data· are collected 
- how they are analysed . 
- how the final results of any data scheme are presented • 
. ~·le intend to put some limitations on the total area of .the acti-
vity, to avoid that the problem becomes too great. . · 
It has been agreed to look at systems and components that ar~ 
pertinent to L~·lR systems., but to take- also account of systems 
or cor11po:nents from other commercial plants which may have a rele-
val~ce to the L\'/R field. 
.. 
The suggestion has bee..'Y'J. made to loox at a selection of the higher 
system or sub-system levels,· at the same time as the component le-
vel. It has also been reconu-nended to co11sid.er areas where suffi-
cient data are available to make useful comparisons, but to look 
C\lso to some rireas where until now data ar«:t rltissing, especiall•.r 
for mechanical components alld/or subsystems.- . ~ 
-, . 
------~- ------·-···· ---------·------~--· ···-·· 
JfUf 
• i .• 
-.. ; 
3. Project status 
The follmling systems so far have been analyzed as for input, 
processing, output: IRS (Germany), ENEL (Italy). EDF (France), 
SRS (England), NPRDS (USA) • . · · . . 
4. 1-:'e:;..:t steus 
. \ 
Investigation on abnormal occurrencies as a supplement to the 
Reliability Data Status Report. Compatibility· study on com-
ponents/systems and failure characteristics. 
5. Re.fe~C'ence documents 
JRC Ispra Safety Progra~~e A11nual Progr~ss Reports 1976. 
.. ) . 
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1l · . Vcllidc:1ti'Jn. Experiments o£ a · 
:l .. · ·. · Reliablli~y ·Analysis · .. · . . . . L~'IR 14 , . r 
·:::i . J __ ......__.;;:,_.;.;.., _ _:._.;___._--.--....:.__----;.;._.-+--~~--=-=-:-::------. J.; ·;.·. !h::Or:scnrnG CO!,H-I·rRY :· \\ • . . ORG.ttiiiSATI<?!:T ,.: . · ..
1 · · £· , ··~ · · c it· s ., · JRC ~spra ,. · 
·L· . . · Co:~mi!;Sl.On o .'tne. ~ opean ommun J.e . 
t~· ·. D.:\TE TI·~·1~tl\'~ED : . _ 1.9~6 · ·J;ROnGT L,~A:p~R : . ,.\" 
,:· . . :PATE COrLP!,ETED .. : ·:,,.; ·: 19.77 j : 
J •· ;Am,es~/G~ ·l•Umcini .I 
,,-:,1 .. : 




.. .:i I' 
' .1. Ger~·::-"1· atm ······· ,•... ·'· _ · ··.' .:. 
. ..~,..... . •'"· ... · 
Analy:;is (>£. abnoimal. accurrences ·leading. to p'l"e~s'l.l.re ·variation$ • 
,. 
: .•.. ;h.· ··0·; .. 2~. P'lrti.r:ul~r objectives .. . "' 
J () Validation -o.E a prob;~il~stic·' ti.pproach· to abnormal. occu:rence 
.1: (: anu.ly~is by comparison o£ fa~lt-tree anal.ysl,.s ·"a pri9ri."\ :::r:esul1'.,3 ;f!:., ·
1 
·• ·• witi\ ·~historical" data on. a PVIR. ·• . • , .. 
~r· ·. 3e·.Q'Jtl~t:e Ot the analvsis ·;~·. 
l: ... : The. ":1y.:;t,:>rical" data are selectecf .from records o.f se_veral year·s of 
)t·. -~ operation of the reactor K.~'I .. O. at .. Obrigheim, Germany• The "a priori" 
'.( o d~til ar:;?a:>rnput;ed using the method described .in. 1974 Safety Anp.ual 
) . ·. ·; . Rcpo:-t ( Probabilistic Accidental Transients Analysis).· ·. · H.:: 'rh~ ;tn,ll ysis w~ll be ·per .formed accord;i~g t:o. ~he .Eollowinq steps: 







>'..! . ! 







-'Listin!l" o£ the power excursionsoP whatever origin. 
'l'i::L.;: .~;;!.~o'les c£ the::::ie pC.,w-~r·· ex~.Ursi&lls· can be' gi;;~tt 
.A f,•/. (pO\Ier v:a~ation). ~gciinst 1:.: (t::.=~). I~~put c.:..ta 
from. the annual and mont~ly reports·.. ; . · 
in .a, .dias.:.:a.1\ 
can 'be t' .. 1;o'!n 
- F~r each,. power' excur~io~ the. ;elevant. initiating· event. (cause.). 
should be giv.en .. · · '- · .· · . · · . · .· . -
Stati~tics o.f.the initiating events .in order to find the most 
fr.aqu.e.n t . .'one.; · ·. · 
Input dcata as £or point .. · .. 1. .; 
-For this initiatirtg event the £allowing· anal:isis. are .fore~een: ... , 
• 'l'ra!l~f?rming the P?Wer. decrease,>(A \v). in. P.±-imary pressure.· · · 
var1.at1.on.~p) ta~J.ngti·lnto account also the pressure gr~dientAo~ 
• D. cter.n~nin.g- for 0 each pressure :vari.ation th~·. state· ·(Eaiied or 
,~ot £a1led) o£ the relevant safety anc_i con;t:rol systems. .' .. 
. . 
• ·constructing th~ experimental. truth table 
• From the foregoing ·t·able. the experimental probability 
<!ir.tribution is found. . . 
It~pul; ~ata can: b~ obttfined from. tae .. : .eail-ur~ :and switch-
r.c~pol."'tln•J system!' . • I 
''· .. 
- 'fh,~orc:;iC:::ll investigation.thrvugh modelling the initiating event · 
<m trhJ bc:'.!lis of clem~nti'lry data and fault-tree. analysis. 
• 
--- --- ----- ?' 
- I-
,- .... ".~ ,,.,,_ __ _ _,..,.~--.,._ .... ~--...-- .. .._.. .. __ --·-..... --- ~------------..- ... -,-, -----~-......-.·-"",...,-. 
For this investigation a technical knowledge about the con-
C(::rnecl initiating event and the interventing systems is n~cded. 
This inforr.1ation could be obtained from functional blockdla-
8rams and .flo'.:!-sheets. .. 
. . 
- C·.Jnfrontation o£ the final results 6£ point 3 (experimental) 
a ad point 4· (theoretical) • 
4. PrJject status 
.. 
4.1 Progress to date 
• 0 ----
4.1.1 Pres~ure transients records analysis 
Previously the analysis of the pressure transients 
caused by scrams and turbine trips has been pcrfor~ed 
~1_7. During this period a systematic analysts o£ 
all pressure transients (+ 1 atm) has been starte~ 
(Annex 1). -
4.1.2 Theoretical analysis 
5. Hext steT)S 
Con!>idering the relevant importance o£. the shut-do':m 
system for the frequency of the transients and for. 
their consequence a fault-tree analysis o£ this sys-
tem has been started (Annex 1). 
This analysis will be supported by a set o£ computeri-
zed tools £o1.· which a list is given in Annex 2 .• 
5.1 ~~~ transients records analysi~ 
Completion o£ the collection o£ nressure variations and 
their initiating events for the period'197Q-1977. 
Classification o£ initiating events and interventing systems 
5.2 !b~£rill~!~aly~~ 
Failure mode and effect analysis or fault-tree analysis o£ 
certain initiating events chosen from the data collection 
(It is expected to analyz.e 6 initiating events). . 
Fault-tree analysis of the most im"ortant interventing sa-
£ety.£eat~es and regulation systems, shut-down syst~~. 
turblne tr~p, pressure regulat~on system. · 
. 













































...... -· " ... : I,<PROJEC~ TITLE . . I. . . 
-
. 
, . P:c-obal)'t 1.ist le AC'!cide.nt~l Transir:m. t s 
• Analysis L":lR 14 
. 
SfONSORI~~G . COUHTilY ORGAlTISATIOH . . . . 
i Comud.ssion of tne European Comrmmi ties· JRC Ispra 
I DATE INITIATED 1974. PROJECT LEADER . . . . 
G. Volta/J. Amesz DATE cm·!PLETED . 1977 . 
1. General aim 
To assess the probability distribution of loads acting on tne 
reactor primary circuit. 
2. E<:!thodolouy and a~Jplication 
Tile prP.sented m8thod consists in a combined probal;ilistic-de-
terministic approach. This approach is probabilistic in the 
se,i.se that For each combination of system stated a probability 
figu~e is determined by means of a fault-tree analysis. It is 
deterministic in the sense that the corresponding co!'lseque:nce 
(e.g. magnitude of overpressure or overte;nperature) for each 
combi<W. tion of states is computed by deterministic coQ.es. 
The a:_Jpronc~1 has a~lready been applied to P~·T.R overpressures in 
t:r.e £ran<"? of the collaboration contract no. III-73-?IPGF CCR 
Eura to:·.1-Frama tome. . 
T!';e sc.r,1e approach wi J.l be applied to the tc.::mperature transients 
at a defin~d point of the primary circuit of the fast reactor 
PBC in th~ frame of the collaboration contract no. 144-75 . 
PIPGj;.:m 163 CCR 8uratom- CN'EN. 
3. Proj~ct status .. 
· 3.1 Pr0ar~~s tb date 
--~--.....------
A .first conclusicm of the work performed in the frame of a 
collaboration contract with CNEN (n° 164-75 PIPG/RN 1'63) 
h.:.s been presented at the International Neeting on Fast 
R~actor_ S~f:e~y at Chic~go /:iJ. . . . 
Tne :c~l1arn.l1 ty analys1s of the electr1ca1 supply system 
l1as IJeen completed assuming the various accidents as mu-
t,.l.nlly exclusive events r2J. 
Fo.c this the·computer cod"e.ELISA has been developed. The 








3.2 Essential results 
-----------------
s'ee reference docwnents.' 
·4~ :?.P..ference doclJ.r.:ents 
£1J J. Am~sz, G. ·volta, F. Cesari, R. Righini, 
"P!'obabilistic Analysis of Accidental Transie11ts in a 
LNFBR" presented at FRS Meeting at Chicago (USA) 
S-8 Oct. 1 976. 
J. Amesz, F. Lo~azzi,· 
"Analisi di affidabilita del sistema di alimentazione 
elettrica sul reattore PEC" 
Nota tecnica P.E.R. 126/77. 
N. Astolfi, 
"ELISA, Codice per il calcolo dell'a££idabilita di 
· sistemi. Descrizione e modo d'uso" • 
. Nota tecnica P.E.R. 098/76. 
, . 
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Netherlands Energy Research Foundation (ECN) 
TITLE: 
Faalweg en faalkansvoorspellingen van reaktorsyste-
men. 
TITLE (ENGLISH LANGUAGE): 
Failure mode and failure rate prediction of reactor 
syst;ems 
INITIATED :June 1974 LAST UPDATING :May 1978 




CLASSIFICATION: J 4 
COUNTRY: THE NETHERLANDS 
SPONSOR: 






To predict the probability of failure of systems on basis of possible failure 
modes and component reliability, taking into account accidental as well as sys-
tematic failures due to external causes or inherent faults of components. 
<: Particular objectives 
The first stage of the program consists of: 
- making an inventory of the general available methods of reliability analysis 
and "data banks" on failure rates 
- establishing a standard procedure to collect data on failures in nuclear power 
stations in The Netherlands 
- developing procedures to evaluate the reliability of reactor systems for 
specific cases applicable to Dutch power reactors. 
Experimental facilities: None 
Project status 
a. An assembly of computercodes called "RECAL" has been made operational. 
Main calculations (including repair) are: 
* Determination of MCS 
*',System, MCS and component characteristics 
* Ranking of MCS and components according to their importance (several criteria 
available) 
b. A draf_t report, titled "Systtem Reliability Analysis", has been written, 
containing: 
* The theoretical background of "RECAL" 
* How to use "RECAL" 
* An introduction into the state of the art of Data Bank Systems for LWR 
Next steps 
The commission fo the Ministry of Social Affairs will be terminated. A new 
commission is foreseen which will deal with the addition in the RECAL codes of: 
* Confidence intervals 
*Phased missions· 
* Dependency between basic events 
Relations with other projects: -
Reference documents 
Reliability an~lysis of systems; 
Part I : Theory 
Part II : Annexes 
Terpstra K : ECN-78-draft; April 1978. 
Netherlands Energy Research Foundation (ECN) I CLASSIFICATION 14 
Degree of ayailability 
The reports are written in the Dutch language. They are submitted to the Ministry 
of Social Affairs, Post bus 69, Voorburg. ' . i 
Budget: -
Personnel: 0.2 manyear 
i· 









Faalkans-analyse met behulp van gebeurte-
nissen- en foutenbomen 
TITLE (ENGLISH LANGUAGE): 
Failure analysis by application of event-
and fault trees 
INITIATED : LASJUPDATING : 1978 
STATUS COMPLETED : 1977 
General aim 
CLASSIFICATION: 14 






'R.W. van Otterloo 
SCIENTISTS: 
R.W. van Otterloo 
To analyse new systems or changes in existing systems. And by 
application of this technique to make decisions concerning these 
new systems or changes in existing systems in the right way, 
Particular objectives 
- Analysis of the unavailability of reactor safety systems and 
of the unreliability of reactor systems. 
- Analysis of the probability of different groups of radioactive 





Methods and computer codes have been compared. 
Next steps 
Not applicable • 
Relation to other projects 
This project was started to do the "Risk analysis of the fuel 




Several applications of this method are written in the Dutch 
and English language. 
Degree of availability 
Through the organization KE}~ 
AS THIS PROJECT .IS TERMINATED, NO FORMAT WILL BE 
ISSUED IN THE NEXT NUCLEAR SAFETY RESEARCH INDEX 
15. INTERRELATION BETWEEN REACTOR PLANT 
AND OPERATING PERSONNEL 
c 
Cl 'f'cation 15 assl. l. 
Title 1 COUNTRY Denmark 
Ris~ National 
SPONSOR Laboratory 
Operat~r studier ORG/o.NIZATION Ris~ 
National Laboratory 
Title 2 Project leader: 
Study of the Process Operator r L.P. Good stein 
Initiated: Completed: Scientists: 
Approx 1966 -' in its pres-
ent form 1973 L.P. Good stein Status: Last updating: 
J. Rasmussen progressing 1976 
1. General aim 
2. Particular objectives 
To study the process operator - his work situation and procedures 
-.together with methods for supporting him, especially in abnormal 
situations. 
3. Experimental facilities and programme 
- Hybrid computer 
- Interactive CRT graphics terminal 
4. Description and status 
Work to date has been centered on the study of human behaviour 
in process ,plants as well as on various trouble-shooting tasks -
in order to establish ways and means of providing support - es-
pecially 'in critical situations - but also in order to ultimately 
be in a position to include the effects of human actions/errors 




In this work, we utilize tape recordings from power stations and· \:.-' 
other work s'i tuations as an aid in formulating ideas regarding the 
data, procedures and models utilized by the human in the various 
__ ...,;. _____ ..._ _________ __,_ ___ -- - - -
tasks. These can then be used in the design of the man-machine 
interface to provide improved aid to the operator .. In addition, 
we expect to continue our studies of human error - either from 
published case stories or from simulator experiments. 
5. Next steps 
A program to continue with the testing and validation of 
these models of th~ operator is being planned. Improved methods 
for the evaluation of risks which include human error will be 
evaluated. 
6. Relation with other proje6ts 
A cooperative Scandinavian program is planned to the 
1977-1980 period. 
7. Reference Documents 
J. Rasmussen 1969 
Man-Machine Communication in the Light of Accident Records 
July, 1969, S-1-69 
Reprinted from IEEE-GMS, ERS International Symposium ·on Man-
Machine Systems, Cambridge, 1969. 
J. Rasmussen 1973 
The Role of the Man-Machine Interface in Systems Reliability 
Nov.ember 1973, Ris~ Report R-10-73 
Reprinted from NATO Conference on Generic Techniques in Systems 
~eliability Assessment. Liverpool, July 1973 
J. Rasmusser. 1974 
The Human Data Processor as a System Component 
·Bits and Pieces of a Model, June 1974, Ris~ Report R-8-74 
J. Rasmussen 1976 
Outlines of a Hybrid Model of the Process Plant Operator 
Ris~ Note N-7-76 
Reprinted from. NATO Conference on Monitoring Behaviour & 




J. Rasmussen & J.R. Taylor 
Notes on Human Factors Problems in Process Plant Reliability 
& Safety Prediction- Ris~-M-1894 1976. 
8. Available from the library at Ris~. 
16. ENVIRONMENTAL PROTECTION 
17. NUCLEAR ACCIDENT RECOVERY AND DECOMMISSIONING 
Ocnchtszoitraum/Period Klasslfikation/Ciassification Kennzeichen/Project Number 
1 1 1977 - 31. 12_.1977 17.1 PNS 4411 
Vorhabon/Project Title Land/Country 
Entwicklung von Dekontaminationsverfahren FRG 
FOrdernde Institution/Sponsor 






Arb(Htsbeginnllnitiated . Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
Jan 1973 Dec 1977 unze T. Dippel, D. Hentschel, s. K 
• Stand der Arbeiten/Status Berichlsdatum/Last Updating Bewilligte Mittei/Funds 
c 
Completed Dec 1977 
1. General Aim 
Decontamination processes for the decontamination of metal sur-
faces are optimized and new processes aimed at high decontamina-
tion efficiency and a minimum production of decontamination 
wastes. The processes are intended to be applied in a facility 
for conditioning nuclear components after incidents and for 
final disposal. The chemical agents used are compatible with 
the treatment and solidification processes for the radioactive 
liquids. In case selected chemicals can undergo special treat-
ment ·to avoid disturbance in the before mentioned processes. 
2. Particular objectives 
Particular objectives are the reduction of waste volumes con-
\ ... _... ta~ning big loads of chemicals, compatibility of the deconta-
mination agents with waste treatment and solidification pro-
cesses, and the application of the decontamination processes, 
by remote working techniques. 
3. .Research Proaram 
The essential experiments are the preparation of contaminated 
standard samples, variation of decontamination paste composition, 
study of the paste effectiveness in relation to composition and 
of the behavior of their components on waste treatment and soli-
dification and estimation of waste production rates in compari-
son to liquid decontamination chemicals followed by the develop-
ment of a appli~ion technique in thin layers for the paste •. 
/)J3 
1.1.1977-~1.12.1977 - 2- PNS 4411 
Basically the same experiments are carried out with molten salts. 
Optimization exper~ments are to be started for better cleansing 
effectiveness with a liquid cleanser ar.d decontamination che-
micals. 
4. Experimental Facilities 
No special experimental facilities are necessary. Standard la-· 
boratory equipment is used for the experiments. 
5. Proaress to Date 
5.1 Optimization of a ligpid cleanser_ 
Base material for a liquid cleanser have been selected by DT 
analysis with respect to their thermal stability. With the most 
stable type~ cleansers have been mixed with foam regulating 
agents. To this basic mixtures complexi~g agents have been added 
and the decontamitiation effectiveness was tested. 
All available substances to avoid turbidity in a cleanser·con-
centrate have been tested for thermal stability,, foam generation 
and their influence of the effectiveness of the cleanser with 
' 
respect to decontamination. Additional tests with stainl~ss 
steel samples, glass samples and coating samples have been 
carried out to prove the effectiveness Kith respect to the 
decontamination capability. 
' 5.2 Optimization of the Deco:."'lt.c.minatior. of Co;:::,Qone!":ts 
A selection of chemicals currently used far decontamination and 
applitated in dipping techniques have been ':ested for their ef-
f~ctiveness with respect to working tenpera·ture and concentration 
Furhter experiments are on the way. Out of •)thers HNo 3 , HN0 3/HF, 
alcaline KM04 solution, citric acid and oxa:.ic acid are tested. 
Experiments showed, that the decontaminatior1 o~ nuclear compo-
nents wtih currently used cleansers is not effective as long 
as these are used alone. A pretreatment with alkaline potassium 
permangantc solution (l\P process) followed by 7ther cleansing 
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-For the AP-solution generates the bulk of the decontamination 
waste, tests to reduce the concentration· of the AP were carried 
out with samples contaminated in a reactor. A further reduction 
of waste was tested by using paste type cle~nsers . 
6. Results 
6.1 O~.imization of a Liquid Cleanser 
'l'lK· above mentioned mixtures show a definitely better thermal 
stability in comparison to currently used liquid contamination 
cleansers. Up to now the decontamination results compared with· 
those of the Papan-Dekopan cleanser are better with respect to 
Ru-106, practically the same with respect to Cs-137, and poorer 
with respect to Co~60. 
The turbidity in the optimized, alkaline clanser could be eli-
minated by additives based on neutral phosphoric acid esters. 
There is no influence of this substance on foam generation, 
thermal stability and decontamination effectiveness. Compari-
tive tests with 25 mixtures showed, that only three of them 
i 
are effective and cause no di~turbance on waste treatment·and 
solidification for disposal. 
6.2 -Optimization of the Deconta~ination of Comoonents 
Experimental results show that decontamination results are bet-
ter at a working terrperature of 80°C. With respect to effective-
ness and amount of waste generated 4 m nitric acid is the best 
choice. HN03/HF 4 concentration can be reduced by a factor of 2, 
leaving ~he effectiveness unchanged. The same result is found 
for the concentration of alkaline KMno4 -~_elution; the. removal 
of Ru-106 with it is excellent. Regarding organic acids, the'l%. 
oxalic acid and the 0.2 citric acid/0.3 m oxalic acid mixture 
are the most eff~ctive. 
Decontamination experiments with an AP-proces~ as pretreatment 
showed the follbwing results: 
-...;._--------:------------- --------- -- -- --------- --
.JJfo 
0 




The optimum combination in AP-solution ( 3g KMn04 + 
9 g NaOH per liter) and oxalic acid (1%) 
The reduction on waste mounts up to about 50% with respect 
to other decontamination processes. 
To use this decontaminat in form of _pastes gives worse 
results with samples contaminated in a reactor 
Decontamination results are poor using AP-solution together 
with various concentra,tions of citric acid. 
The same results are gained by add~tion of EDTA {Na-salt) 
In general, with respect to the APOx, Citrox and the N Citrox 
processes, there is a reduction possible of the concentration 
of the chemicals applied. 
Next Steps 
Optimization of a Liquid Cleanser 
The R&D-\vork is completed 
Optimization of the Decontamination of Com:Qonents 
The R&D-work is completed 








0Nichtszc•traum/Pcriod Klassifikation/Ciassificalion Kennzeichen/Project Number 1.10.1977 31.12.1977 17 2 RS 300 
Vorhabcn/Projccl Title Land/Country 
Specifi~ations of PWR system condition afi~r:a.lOCA FRG ~14frnde lnstitution/Soonsor . required to study the. resultin~ decontamination and 
shippin~ problems , Auftragnehmer/Contractor Spezifizierun~ deS ·Anlagezustandes eines DWR ~ach einem 
NIS Frankfurt ·KUhl~ittelverluststorfall fUr die Untersuchung der da-
raus folgenden Dekontaminations- und Transportprobleme Abt. Reaktoranlagen 
Arbeitsbeginn/lnitiated Arbcitsende/Completed Leiter des Vorhabens/Project Leader 
1. 10. 1977 31. 3- 1978 A. Gasch 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewiliigte Mittei/Fu.nds 
continuing 31.12. 1977 187.970 
1. General Aim 
Basing on the NIS-study RS 155 11Result analysis of LOCA's for 
the dismantling of nuclear power plants 11 the post LOCA system 
condition of a 1300 MW PWR should be researched at which new 
boundary conditions are defined. The research results .should 
deliver input data for the RS 156 project. 
2 Particluar Objectives 
In this study the conditions of nuclear components and equip-· 
ments in some neuralgic regions of the reactor building are 
specified~ which are important for the post LOCA decontamination 
·and shipping problems. 
'3 ' Research Program 
-.....;' 
;.1 Description of the course of LOCA 
;.2 Investigation of the radioactivity 
3.3 Locale dispersion of the radioactive n~clides 
;.4 Locale dose rates on component surfaces 
;.5 Chemical conditions in the plant 
;.6 Mechanical conditions of components and equipments 
4 Experimental Facilities, ComEuter Codes 
The core radioactivity will be calculated with the computer 
code ORIGEN. The calculation of radioactivity produced by 
activation in the· core components will happen with the NIS 
cod~ AKAT 2. 
I 
0 
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Further the calculations of locale dispersion of r~dioactive 
nuclides will be done with the \vell known computer code CORRAL 
5 Progress to Date 
, Most of the necessary input date could be provided. The computer 
codes ORIGEN and AKAT 2 were actived for the new problems. 'The 
code CORRAL is in the status· of testing. 
6 Results 
Definite results are not available. 
? Next. steps 
In the following periode the discribed calculations and in-
vestigatio~s will be started. 
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Vorhilben/Protcct Totlc Land/Country 
FRG 
Development of Het hods and Techniques for Fbrdernde lnstrtution/Sponsor B!1FT 
the Decommissioning and Ultimate Disposal Auftragnehmer/Contractor 
of Nuclear Facilities KfK 
Ent\vicklung von Hethoden und Verfahren zur Projekt Nukleare Sicherheit 
Stillegung und Endbeseitigung nuklearer An la- RBT/PB 
gen 
Arbcotsbcgonn/lnrtratcd Arbcotsendel<;;ompleted Leiter des Vorhabens/Project 
Januar_y 1974 31.12.1977 G.W. Kohl er 
Stand der Arbeoten/Status Benchtsdatum/Last Updating Bew•lligte M it tell Funds 
completed December 1977 
1 • General Aims' 
Development of methods and techniques for the decornmissioning and 
ultimate disposal of nuclear facilities. 
2. Individual Tasks 
Leader 
2.1 Establishment of a general analysis for the safe decommissioning 
and ultimate disposal of nuclear power stations by evaluation 
of results obtained at home and abroad. 
3. Program of Investigati~ 
3.1 Dismounting of components 
3.2 Means of crushing large components 
3.3 Means of crushing concrete 
3.4 Dismounting and conditioning of large components 
3.5 Ancillary and auxiliary systems 
3. 6 Z.leans of transportation for reactor components 
3.7 Waste conditioning 
3.8 Time schedule and prep~rations for decornmissioning 
.-
, ....... , 
. 1 • 1. 77 31.12.77 - 2- PNS 4421 
3.9 Spa:tial arr-angement of reactor components 
3.10 Reactor design suitable for later decommissioning 
3.11 Typical working program. 
4. Test Facilities, Computer Programs 
5. Work Performed 
Investigations relating to 3.3, 3.5, 3.7, 3.8, 3.9, 3.10 and 3.11 
were completed during the period of reporting. 
6 •. · Results 
Ad 3.3 The techniques used in dismantling the concrete structures 
mainly include: 
a)· Mechanical techniques (tools, pneumatic and hydraulic 
hammers, tubular drills). 
b) Thermal techniques (equipments: oxygen lance, powder 
cutter) • 
'c) Use of explosives .(de~onators, flat-type explosives, 
cutting charges). 
Ad 3.5 Quite a number of ancillary and auxiliary systems are · 
required during decommissioning work in order to protect 
the staff and the environment., 
They mainly include: 
devices and systems to be employed at the working 
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personnel protctive equipment (e.g. protective 
clothing, oxygen mask); 
equipments and systems providing information about 
boundary conditions prevailing at the working place 
(e.g. audio and video service systems, radiation, 
temperature, and other measuring instruments) • 
Ad 3.7 The following possibilities are eligible in principle 
for waste conditioning: 
- conditioning in the nuclear power station using 
exclusively the means available in the nuclear power 
station (feasible only for small sized low-level 
components). 
Conditioning in the nuclear power station with 
assistance from outside (preferably for d'ecommiss.ioning 
due to age) • 
Conditioning in the nuclear pm'ler station of dismountable 
facilities (both in case of deco~~issioning due-to age 
and failure· and in case of component replacement) • 
Conditioning in- a central fa6ility (both in case of 
decommissioning due to age and failure and in case 
of component replacement; major transport problems 
might be encountered, depending on the size of the 
component) • 
Ad 3.8 Work scheduling comprises all the planning activities 
required to dec·ommission the nuclear power. plant. The 
preparations for actual decommissioning have to be 
performed parallel with planning and, partly, take a much 
longer time than planning. 
Work scheduling is reasonably divided into a preliminary 
planning phase (definition of the_target of the concept, 
estimate of work required, time schedule, necessary funds, 
. ' 
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etc.) and a phase ~f detailed planning (evaluation and 
specification of single working steps, safety and health 
physics program, organizational chart and time schedule) • 
Prior to dismounting and demolishing work quite a number 
of preparatory st~ps are required (evaluation of boundary 
conditions by measuring technology, provision of tools etc.). 
Ad 3.9 The accessibility·of components and the space conditions 
in the reactor. contribute decisively to the amount of 
radiation doses taken up by the personnel during decom-
missioning work. 
The space conditions in light water demonstration reactors 
have to be generally classified as insufficient. 
I~ recent light water reactors a tendency can be clearly 
·recognized towards a more favorable arrangement of components 
and fittings. 
Ad 3.10 It is recommended to take into account mare than previously 
future deconu-nissioning (complete removal) at the planni:qg 
stage for a nuclear power plant. 
These are the problems of major importance: 
- Ratio of dimension to space available. 
- Ratio of component weight to carrying capacity 
of lifting devices. 
- Increased dose rate. 
Ad 3.11 Decommissioning of a nuclear power station involves a 
number of typical sequences' of operations occurring every 
time \IThen large components are disposed of. They include: 
evaluation of boundary conditions by measuring 
•' 
technology, decontamination (only if components have 
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disconnection of loop lines, 
partial dismounting, 
partial disassembly, 
removal of bearings, 
transport to fuel element storage basin, 
cutting into parts suitable f9r ultimate storage, 
waste fixation, 
provision of transport shielding,· 
bag-out of containers, 
·transport to the final storage facility. 
7. Plans for Future Work 
8. Relations to Other Tasks 
9. Literature 
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NUclear power plants can be disposed of in various ways. Dis-· 
mantling and removing heavy radioactive components by conventio-
nal means of engineering involves considerable difficulties. 
Therefore,the present research program aims at examining, both 
theoretically and experimentally, the blasting techniques of 
controlled demolition. 
Hence, it is the task of this preliminary study to examine 
possible applications of blasting means and techniques in remov-
ing nuclear power plants after the end of their seryice time· 
(normal decommissioning), and in removing specific individual, 
heavy radioactive components during the service period. Other 
disposal alternatives are to be coMpared to the blasting tech-
niques. 
Program 
Analysis of the different radioactive heavy components 
Examination of demolition means 
Considerat~ons as to the application of blasting means 
Analysis of necessary au.xil'iary devices and aids 
• Component decontamination 
Comp~rison of the different demolition techniques. 
• 
·----·-- ------
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4. Test Facilities 
ac a.1 In order to determine the radiation intensity of the activated 
radioactive material, it is intended, together with the local 
technical staff to·carry out radiation measurements at the 
nuclear power plant at Obrigheim, since this is the plant 
having the longest operation.period in the FRG (Federal 
Republic of Germanv). This should be done in order to obtain 
- M 
an up-to-date basis for extrapolating to the radiation intensity 
after 30 years from now. 
ad 3.2 Utilization of the E-52 military test range at Oberjettenberg 
Owing to safety considerations, the blasting facili~ies of ihe 
E-Stelle Oberjettenberg (German Army te~t range) shall.be used 
for model-scale tests of the selected demolition techniques. 
The tests will be recorded partially w~th MBB-owned high-speed 





that go along with blasting due to fragments 6r target spalling ,, 
I 
can be determined. 
5. Work carried out 
ad 3.1 Analysis of the different radioactive heavy components 
After two talks with the KWU and Hochtief corporations and with 
staff members of the GRS :(Mr. Lerach) , KWU has furnished to us 
. ' 
the details of the following radioactive heavy components for 
analysis: 
reactor core tank with flanges and piping 
- steam generator 
- Main coolant pump 
pressure equalizer tank 
- biological shield 
A nuclear power pla,nt of the Unterweser type was chosen for 
the present study, since the required details of this type 
can be obtained promptly from KWU. The talks were held on 
October 7 and November 17 ,. 19 77. 
As to questions concerning radiation safety regulations, 
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contaminated components at decommissioned nuclear power plants 
have been discussed with Mr. Bendler from the Physics Departm. 
1f.J"'1 
of Munich Technical University at Garching. This talk was held 
on November.ll, 1977. Mr. Bendler is in charge of radiation 
safety at the Garching reactor. The permitted amounts of radia-
t~on to which individuals may be exposed within various durations 
of time are one criterion in the possible appli~ation of blasting 
techniques. 
The permissible radiation is 5 rem per year, or 2,5 rem per 
quarter, a maximum of 1 rem per month or of about 2,5 mrem per 
hour. This last .figure may be critical to the application of 
blasting techniques since these will probably take only very 
short time. 
A doctor's thesis, by W. Buschmann ("Disposal o·f decomrnissioned 
nuclear power plants .•. "), and the Nukern report RS-156 have 
been procured in order to obtain data on the radioactive 
contami~aiton in nuclear power plants after 30 or 40 years of 
operation. Moreover, a copy of the AIF report on "An engineering 
- . 
evaluation of nuclear power reactor decomrnissioning alternatives" 
has been ordered. The KWU and TU Munich specialists have the 
opinion that long-term predictions are always rather unreliable. 
KWU has indicated that the radiation dose values given by 
Buschmann in his thesis are probably too high. It may therefore 
be necessary to_carry out measurements at the Obrigheim nuclear 
power plant so as to obtain better predictions on the induced 
radioactive radiation and, if possible, also on the contamination. 
ad 3.2 Examination of dehlolition means 
Steel pipes and linear shaped charge cords have been ordered 
for the intended model-scale tests. 
In a letter to the BMFT, Ref. 313 (dated November 16,1977), we 
have asked for official support to get permission for making 
the model-scale tests at the E-52 Oberjettenberg military test 
ra.nge. In Schrobenhausen1 such tests (\vi th model-scale pipes and 
concrete structures) can be made only with an extreme amount of 
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safety provisions. The use of the E-52, on the other hand, 
depends greatly on the weather (snow) which will possibly 
delay the schedule of this study, which was to be terminated 
by May 31, 1978, by approx. 2 months. However, this will not 
involve any addi~ional financial requirements. 
A liquid explosive (Teledet) has been ordered for the tests 
. 
concerning the reactor biological shield. 
ad 3.3 Considerations as to the application of blasting means 
We have visited the nuclear power plant at Unterweser on 
November 29, 1977 in order to learn about the installations and 
to g~t a general idea of ho~ to apply the blasting means. On 
this occasion, photographs were taken of various critical 
structural situations. 
ad 3.4 Analysis of necessary auxiliary devices and aids 
cf. 3.3 (under work) 





Comparison of the di~ferent demolition techniques 
- various data on linear shaped charges have been furnished 
to Dr.Freund of Battelle-Institut {Frankfurt) fo~ an oral 
presentation, in which various ways of size reduction of 
metal ~omponents were discussed (paper given at the 4th 
confer;:nce on the ".:l..pplication of Explosives in Manufacture" 
at Essen, September 12-16, 1977). 
-· Evaluation of the report for the comparison of the different 
size reduction ("demolition'') techniques which is to con-
clude the study. 
Results 
Analysis o.f the different radioactive heavy components 
- Determination of the r.adioactive heavy components and con-
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ad 3.2 
biological shield, pipes, main coolant pump). 
Evaluation of the Nukem report and Buschmann thesis to 
predict radioactive conta~ination after 30 years of operatiori. 
The use of blasting means must be based on permissible radi-
ation doses of 2,5mrem/h or up to 1 rem ~n case of very 
short exposure. Together with the estimate of radioactivity, 
which has yet to be accomplished, these figures arc a basis of 
judging the applicability of blasting te9hniques (time of 
exposure). 
Examination of demolition means 
The follO\ving items have been ordered and will be used in the 
tests and model-scale tests: 
- various grade linear shaped charge cords 
- liquid explosive 
steel pipes of different size 
- ~oncrete structure elements_ 
- linear shaped charges of 1, 3 and 5 cm base width have been 
ordered to make. 
ad 3.3 Considerations as to the application of blasting means 
(under work) 
- ad 3. 4 Analysis of necessary au~iliary devices and aids 
(under work) . 
ad 3.5 Component decontamination 
Steel pipes and concrete blocks have been ordered; they are 
to be used in studying spalling effects caused by detonative 
shock waves. 
ad 3.6 Comparison of the different demolition techniques 
• Determination of the performance (cutting depth) of 10 -
15 cm wide linear shaped charges as. a basis to the paper of 
Dr. Freund. 
Evaluation of the Nukem report RS 156. 
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7. Planned Activities 
ad 3.1 _ Talk to the managing director of the Obrigheim nuclear power 
plant wit~ the aim to obtain radiation measurement data for 
a better prediction of radiation intensity after 30 years of 
operation. It is planned also to have Dr. Buschmann attend 
this discussion. 
- Examination of the drawings of heavy components, furnished 
by KWU, and inspection of various heavy components and, i£ 
possible, procurement of parts thereof (reject). 
ad 3. 2 ""' Manufacture of differe-nt blasting means such as linear 
(: shaped charges, conical shaped charges etc. 
,_ 
- test firings of the smaller size linear shaped charges in 
Schro:t>enhausen. 
ad 3.3 Considerations as to the application of blasting means 
On the basis of the differept demolition techniques, des~gns 
of the combined application of linear and conical shaped 
charge's etc. on the reactor components \vill be worked out. 
ad 3.4 Analysis of necessary auxiliary devices and aids 
The installations found available at the Untwerweser nuclear 
power plant will be listed; the additional. installations re-
quired when blasting techniques are used will be checked. 
ad 3.5 Component decontamination 
- Blasting test will be made to determine spalling from steel 
pipes and concrete structures produced by directly attached 
plastic high explosive sheets. 
During the visit at the Obrigheirn nuclear power plant w~ 
shall inquire about recent re~ults concerning the primary 
circuit contamination and to adapt the spalling-firings to 
"weak spots". 
ad 3. 6 Compa·rison of the different demolition. techniques 
Evaluation of published material, such as Buschmann (thesis),· 
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-. Nukem report 312 (RS 156), Hanau (1977) 
- W.Buschmann, "Die Beseitigung von stillgelegten Kernkraft-
werken mit Druckwasserreaktoren am Beispiel des Kernkraft-
werkes Obrigheim", Doctor's thesis, Ruhr-Universitat, 
Bochum ( 19 76) · 
Availability of reports 
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1. General Aim 
Under the Federal Government's research programme for reactor safe-
ty, it is necessary to investigate dismantling methods for activa-
ted and contaminated components in connection with the shutting 
do~~ and dismounting of neclear power stations. 
2. Particular Objectives 
This project aims to chec1< the applicability of :flame cutting by 
pol~der and plasma cutting for taking to pieces of components of a 
nuclear reactor so that if a specific .~ismantling ~ase arises, a 
' 
decision can be taken as to '~hich thermic cutting method may be 
; I 
used :Cor taking a component to pieces and '~hat c·ondi tions must 
exist for this. 
The great number of components existing in a -;, uclear power station 
makes it necessary to collect in a catalogue the available plant 
information for a referece nuclear pol\"er station~ The catalogue is 
to give information on dimensions a11d weights, material composi-
tion and surface dose. This collection is to serve as a basis for a 
typification of the plant components in order to reduce the number 
of the different dismantling tasks, Out of the typified components 
a selection will be made on lvhich one is to be taken to pieces by 
means of flame-cutting by powder and plasma cutting. For each pro-
. 'I 
cess, an application can then be found related to the individual 
·componcntR. The dust values obtained give basic reference values for 
the design of an efficient exhaust unit in order to prevent the 
activated dust form spreading and to keep the exposure level·of per-
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Drawing up a catalogue of the activated and .contamina-
ted components of a referece nuclear power station· 
( D\VR) 
Exp~riments for demonstating the efficiency of the pow-
der cutting and plasma cutting process 
Powder cutting of reinforced concrete 
Powder cutting of steel 
' Plasma cutting in the atmosphere 
Plasma cutting under overpressure in the air 
Plasma cutting'under overpressure in water 
Judgement on the powder cutting and plasma cutting 
process in relation to the dismantling 'of reactor com-
ponents 
/ 




The experimental station for polvder cutting is equip-
ped with 2 gas cutting outfits of different capacity 
650 mm and 1,200 mm wall thickness). 
Propane is used as fUel gas. The cutting process is 
observed from a contr61 room by television cameras and 
from there it is also operated by means of a simple 
mechanical control. An existing filter plant is used 
for suction. It can suck out up to 60,000 Nm3/~ of spent 
air. form the cuttj_ng cubicle. The dust particles for 
the plant are removed by means of a bypan. 
The experimental station f'or plasma cutting in the 
atmosphere consists of one chamber with far simpler 
mechanical manipulation of the television camera. By. 
means of an induced draught fan, the l'lelding l'laste 
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The cutting chamber is designed in such a '"ay that by 
flooding even the first preliminary investigations for 
plasma cutting and the television ob~ervation can ~e 
tested in water. 
For plasma cutting in overpressure conditions in air 
and water, a 2 bar pressure chamber has been· construc-
ted, in which cutting experiments can· be tested in wa-
ter 10 m deep by remote control. The final design can; 
ho\.Yevcr, not be presented until the component test runs 
. ' 
have been completed. \vi th the available sources of 
electricity the burne.r can reach loads of up to 500 A. 
The peak load can be raised to about 650 A by_ additio-
nally connecting further sources of electricity. 






\vork was started on draw·ing up the catalogue on the 
activated and contaminated components of a reference 
nuclear power station. 
The planning of the experimental test floor is complete, 
so that the contrctcts can be a,,·arded for the manufac-
ture of the experimental station. 
The plan11.i·ng of the experimental test floor is compJ.ete. 
Work is still in progress for the equipment of the ex• 
perimental floor. 
The .planning of the experimental test floor and the 
pressure chan~er is largely complete. Work has not yet 
started on of construction of the presure chamber. 
\vork has begun on the preliminary experiments for using 
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Noteworthy intermedi~te results are not·yet available. 
KFA-Karlsruhe will publish a report on the final. remo-
val of the HDR core shell in GroBw~lzheim. 
z. Next Steps 
re 3.1 
re 3.2 .. 1 
3.2.2 
and 3.2.3 
The work will be continued and it lrill probably not be 
possible for it to be completed in the coming report 
period, as power station documen~s on-contaminated plant 
components are still missing. The '"'ork under 3.2 and 
3.3 w·ill not be affected by this postponement. 
Equipping of the experimental station as well as opti-
misation of exhaustion and sampling ldll be completed, 
so that initial cut~ing experiments can be started. 
Construction of the pressure chamber has been started. 
The preliminary experiments will be continued for the 
use of underwater television cameras. 
8. Relation with other Projects 
2. References 
Repor·ts on the following BNFT research projects: 
RS 220 
0 RS 155 
RS 156 
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18. FUEL CYCLE 
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COMPORT£~13NT DES COHBUSTI:SU:S I>RR EN COt:iP.S DE TR.:UfS?ORT 
Organis::.e C.i:::ecteu= 
CEA/~S.N/BESt _--- . 
('c. 
Tit:=e (ar.g!.ais) Organis:::.e ezecutew: 
\ 
DSN/BES!/Fonteoay 
PW!t· l'OEL BF.F'PIIOO'R DtTRDrG TP..A.liSPOCI.T.A TION 
· Responsa.ble 
DSN/BES't'/'FAR 
DA•e C.e ~ E:tat actual:. en cours Scienti:fiq_ues ' 
.- c• 
~ a:::agg Janvier 1978 .. 
.. l I 
Date , prevue Derniere mise 15/01/78 1982 d'acr.eve:llent ' jow:: a 
Des combustibles i::::::adies oui eta.ient stockes dans l'eau sont e::t~oses a 
l'air. Leur te:ll~erat~e au~enta et-ils sont soumis a divarses agreasions meca~ques 
lors du transpor~. 
Le but de l'etude est de mettre en evidence les consequen~es de cette 
Si tu.a.tion Su,r les eleaentl3 a,ppar91I!.Iil6nt SainS 1 ·COmme Sur Ceu:t· dOUt 1 I etat 6St dOUteU% • 
"
1 OB...,""EC!!FS ?AR'IICULIERS 
.._. L 'asse~blage combustible a. ete modelise par diverses iq.uipes -d.u point: 
-de vue i:lecaniq,ue , (F'&\.1'!..:\TOHE, CEA-Saclay) 
Dans le cadre C.e cette sous tache on explorera,·dans u_~ premier te~ps, la 
possibili te d 'utilise·r Ces !!lOdeles -:JOur def:j.~r la reuonse .des COW.bustibles a des 
sollicitations susce~tibles de sur7enir.en cours de t~ans~ort ou en cours d'accide~ 
da trans·port (chocs ~t vibrations). • 
Pa= ailleurs, on etudiera le uroble~e de l'orJdation de .l'U02 e~ U3 08 au 
- . contac~ de l'eau en fonction de la temperature • 
.. 
Cette reaction qui s'ampli~ie a haute te~perature et q_ui est exothe~~ua· 
peut deven±r dangereusedans certaines conditio~. 
Au cours de cet exercice on prend=a cor..tact aYec .. F9.AHATm1E afin d' evaluer 
les possibili tes d 'utilisation de leurs ~od~l.es mec.aniq,ues dac.s le cadre des tra!lSpOr 
nor.:1au.:c ou acciC.entels. · 1 • 




















'l'lTI ... J;; 1 { oric~j.nal lancua~o) Classification 
I 
... 
Valutazione ·cJ.i proprj.etb. chiir.iche e fi- 18. 
sic he di rif:luti rndioa·ttivi solidifica1ti 
TITLE ., (onclish) Countrr: X'rALY .... 
Evaluation of chemical and physi-cal pro- Sponsor: CNEN 
perti~s of o.cti.ve solidified was·tes. Organj sa ti·on: CN&1' 
. 
. 
Unto ini ti.-. Led 1975 l>ro~ oc t Leader 
' 
1).:. t c completed 1977 : F • GERA . 
. ' 
·. , . 
Last upda tin a June 1976 
: 
I 
Descri"'tion :The purpose of the project is to c:>ntrol'•the main chemic~. 
and physical properties of active solidified wastes. to redu.ce possible 
long-term environmental impacts. · · · 
Ra.d:i.oactive solid wastes of nuclear reactors are fixed 
in baton or plastic compounds. On the resulting solid wastes many 
· tests will be carried out to evaluate the following characteristics: 























TI'fLJ;; 1 (ori{;'inal lancuaue) Classification 
RicP.roa e oviluppo ou, co11. ten.i'tori di' 18. ' 
t:t•:'l.op o.f·t o .. p.er fissili 
·- ITALY TITLl:.: 2 (cnclish) Coun tr)': 
Research aflcl deva:I.op.m.en t on fuel casks Sponsor:· ONEN 
•' Ort~~:misa ti:on t (*) , . 
. l 
lJate initiated 1974 {present phase) Pro~e~t Leader 
. 




1976 Sicurezza Last· updating June ; 
(*) CNEN-ENEL-AGIP Nuclear'e-FIAT Nucieare -Nuovo Pignop.e-Universita 
di Pisa.· 
General a i.m 
Resea:r.-ches on spon·t; fuel_ shipping casks. 
Particular o(?jectiveo 
· . 
Preliminary design, exper-imental .r..esearches, calculations (shielding,. 
mechanics, heat otrasnfer), model._elaboration, tes·ts, optimization 
· otu.dies on type ·of casks. and means of transport related to power 
plants and· reprooest;~irl.g facilities. 
h_oje'ct status 
A first set of research contracts (CNEN-AGIP Nucleare, QNEN-FIAT 
NuclAare, C_NEN-Pisa University) and additional studies is completed .. 
Next steps .. 
Researches related to.some·a~pects of casks development and licens-
.ing. 
Relation to. other. ;proj ect~?c 


















1TfLJ~ 1 (oriainal l.anc;uac;e) Clussification . . 
Ricerche e svil\lppo su un contenitore 18 di trasporto. 
TITLB 2 (enclish) Coun tr)•: J:'!'.ALY 
Research ~d development of a fuel ca.sk. Sponsor: C.A.M.E.N. 
I Orcanisation:C.A.M.E.N. 
-
UNIVERSITY OF PISA 
. 
lJ;a t. e ini lio ted . 1975 Pro~ect Loader . . . 
·• Date COIIIplc.ted . In progress G • SARNO (CAMEN) • 
Last updatina June 1976 G. FORASASSI (UNIVERSITY) 
, Description 
Preliminary design, experimental researches1 calculations (mecha 
nics, heat trasfer, etc •• v •• ), model elaboration, tests and optimi 





' . t' .. 
Title 1 (Or~ginal language) Classification 
Sicurczza del trasporto del materia le ' 
radioattivo. 18 
~ 
Title 2 (English) Country ITALY 
Safety Problems in Design of Packaging Sgonsor CNEN-CNR 
and Transpor~ation of Radioactive Ma-
Organisation University of terials. 
Pis a 
" 
Date initiated 1968 Project Leader ' 
. 
Date completed 1980 
Last u12clating ~1ay 1977 FORASASSI Gi~seppe I 
. 
. . 
' \.. "', 
. Cl)·Gcncral aim . 
' , 
· Stlldy of safety problems in design, construction and use of. transport 
casks for r~dioactive materials: 
. 
2) Particulnr objectives· 
Present research activity is refe~d t9 detcrm~nation of energy absorption 
·clwractcrist,ics o{ steel structures and to test models and components to 
support the desig~ of spent fuel shipping casks • 
. 
3) .Experimental facilities and prog.r.am 
facilities in Scalbatr~io Ccnter of. University of Pisa can be utilized 
for experimental studies .as well as to carry out· IAEA s~andard test ser~e~ 
on,packagings for radioactive materials. 
The following equipments are operable: 
a) llrop test tower for casks and models up to 2000 Kg o£ weight; 
b) G.uidetl impact hammer (weighting up to 2300 ~g) for dynamic tests; 
· .. , c) Thermnl test station (open fire);· . 
~ d) Vessel for hydraulic and tightness tests; 
e) Instrumentation for measures of acceleration, displacements, !orces 
and tcmpcrutures during iest~. ' 
4) Project stat~s 
~ Research and testing series. completed two year~ ago, have brought to 
finali~e the design of a low cost type B, fissile class II container;. 
- Studies and te~program have been carried to determine ·mechanical ene~ 
gy absorption properties of several types of metallic structures rela: 
teJ to the design of· casks, as: 
-Steel honeycomb ·. 
... Strair,ht and circular fins. 
S) Nl"xt steps 
# Up to d~1tc stud}' nnd ·test prog1·ams include: · 
·- s~v~ral tests on finned surfaces 
.. study of containment problems as well as perfO.mances of gaskets 
• StuJies and dynamic tests on bolts ~nd tie-downs 
- Study of problems relatnd to the use of models in standard tests. 
' .. , 
·---------. 
I'Titlc 1 (Original language) Sicurczza del trasporto 
radioattivo. 
6} Relation to other projects 
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·· 7) Reference documents: 
·. 
.. 
l. G. ELETTI, R. ZA}.1BRINI, G. FORASASSI, P. SACC0~1ANNO . 
Sicurezza del trasporto del matcri~lc rad~oat~ivo. 
Atti del convegno sull~ si~urezza negli Jmpianti Nuclearl. 
Fisa 21-26 Scttembr~ 1970. 
2 •. p. CITTl, G'. FORAS_ASSI,. B. GUERRINI . .-
lUlievi su prototipi .di \..in contenitore per il trasporto. di mat'erial ·; 
radioattivo . 
. ~tti del 1° ConVcgno AlAS - ~alermo 19~2. 
.. 3. G. ELETTI, G. FORASASSI . 
· Italian tes~ing station following IAEA Regul~tion~ tF6 a· fissile 
Class II Type B ~ackaging. 
4° Intcrn~tionai Symposium on:pac~aging and transportation of Radio~ 
active materials. 
22-27 Sept. 1974~ 
' . . .. 








Problcmi di similitudinc connessi con due pr~ve,·standard .ver contenit~ 
ri per 'trasporto di mater:iale radioattivo • · ·· 
.. 





· S. G'. FQRA.SASSI, B. GUERRINI' . 
. . Comportamcrito di una struttura .. · metallica a 'eel le esagonali in provt :.~~i.i 
simulazionc ·di "fuel cask drop". 
:Ist. Imp. Nu~l~ Univcrsitl d~ Pisa. R~ 204~1~)~. 
6 •. G. FORASASSI· . 
.Assorbimen.to di 
Ist. ·Imp. Nucl. 
. .. 
... 
energia meccanica mediante superfici alettate. 
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Title 1 (Original language) Classification 
Ricerche e svilUP,PO su un contenitore 
di trasporto. 18 
-
Title 2 (English) Country ITALY 
Research and development of a fuel cask. SJ2onsor: C.A.MoE.N. 
Organisation C.A.lVI.E.N. 
-
UNIVERSITY OF PISA ·-
Date initiated . 1975 Project Leader . 
Date com:2lefed: In progress G. SARNO ( C.AJ'.iEN) 
Last U]2dating . April 1977 G. FORASASSI (UNIVERSITY) • 
. ~ .. . , . 
Description .: 
Prelimi:..~.ary design, experimental researches, calculations (mech~ 
.~ nics, heat trasfer, etc •• ~ •• ), model elaboration, tests and ·optimil ' 
. r:. 
· zation studies .on the necessa~-modification of an obsolete cask l 















. . · 
' . I . 
I ~ ' 
.! , 
... 






l\.._,· ..:.. .) 
·( 












Title 1 (Oricinal language) Cl as si n.c ation 
Valutazione delle propriet~ chimiche e 18 
.. fisiche di rifiuti radioattivi solidifi- . 
cati. 
. 
Title 2 (English) Country ITALY 
Eva~ation of chemical an·d physical pro- SEonsor CNEN 
per es of radioactive solidified wastes Organisation CNEN 
'\ 
""· 
· Date initiated 1975 Project Leader 
Date comoleted 1978 A. DONATO 
Last uEdating 1977 
-
•. General aim 
The technical and experimental control of the main chemical and 
physical p~operties of solidified radioactive wastes, for ob-
taining basic technical data to evaluate possible long-term 
environmental impacts. Liquid radioactive wastes (evaporation 
concentrates, exhausted ions exchangers etc.) and solids 
are incorporated in cement, concrete, bitumen or plastic. 
·The following characteristics are taken into account: lea-
chability, thermal stability, radiation damage, compressi-
. ve stre~gth and weathering resistance. · _ ... 
Particular objectives 
Set-up of methods for testi~g 
Project status 
Urea-Formaldheyde and Polymer Impregnate Cement have·been 
evaluated 
Degree of availability 
Cooperation may be envisaged for standardization of testi~g 
methods .. Exchange of information can be arranged • 
'•. 








~ 'w• .... 
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Title 1 (Original langua~) Classification : 
Ricerche su contenitori di trasporto 18 
per materiale fissile 
Title 2 (English) Country ITALY 
fissi I I Researches on shipping casks for Sponsor CNEN .. le mate-rial 
'\ Organisation (e) 
I Date initiated I974 (present phase) Project Leader . I Date com2leted In progress 
- Divisione Ricerchel Last u2dating April CNEN I977 Sicurezza . J 
r• '' 
(S) CNEN-ENEL-AGIP Nucleare-FIAT Nucleare - Nuovo Pignonc-Universi-





Research and development on shipping casks 
for fissile material. 
Development of spent fuel shipping casks. 
Desig~, experimental researches, ~alcul! 
tions (shielding, ·mechanics, heat tranbfbr) 
mod~l elaboration, tests, optimization.· 
·studies on type of casks and means of 
transport related to power plants ~nd 
reprocessing facilities. 
A first set of research contracts (CNEN~ 
AGIP Nucleare, CNEN-FIAT Nucleare, CNEN-
Pisa University) is completed; other addi 
tional studies have been carried out. -
Researches related to some aspecis of 
casks development and licen,ing~ · 










Ontwikkeling van een computercode voor 
het schrijven van een €enduidige en opti-
male herladingsprocedure 
TITLE (ENGLISH LANGUAGE): 
Development of a computercode which writes 
an unambiguous and optimum reload 
procedure 
INITIATED : Jan. 1976 LAST UPDA Tl NG : June ] 97 8 
STATUS : see below COMPLETED : 1978 
General aim 
CLASSIFICATION: 18 









The progrannne "RELOAD" will provide the operator of a ·nuclear 
power plant with a stepwise written optimum reload procedure. 
The programme is based on octant sy.mmetric reload patfer'ns, 
however non symmetric fuel assembly movements can be included. 
Particular objectives 
The programme is developed to be applied in the Dodewaard nuclear 
power plant. The objective is to minimize the number of .refuelling 
steps and the quantity of time to reload the core. Tqe programme 
will prevent errors which can possibly be made by handwriting the 
elaborous procedure, especially when a large number of -~~load 
elements, shuffle elements, dummy elements and inspectipn elements 




The programme "RELOAD" has succesfully been applied in .the Dodewaard 
nuclear power plant during the 8th refuelling outage. Mi~or 
modifications will be introduced. "RELOAD1' will also be used for 
the next refuelling outage. in 1979. 
Next steps 
Complete development and test ·with previous handwritten' reload 
procedures. 
Relation to other projects 
Physics reload scheme, fuel inspection programme, fuel test 
programme. 
Reference documents 
Three reports (in Dutch) are available through the organization 
N. V. KEMA. 
Degree of availability 
Through the organization KEMA. I I 
,, 
19. ECONOMICS OF SAFETY 
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~f':~~~ic~~/'7m/~er~i .12 • 19 7 7 :ft)ssifikation/Ciassitication KernzeichenjProject N~mber RS ol2 A un B 
Vorhaben/Project Title L;~nrl/Country 
FRG 




IIDR Safety Program I<arlsruhe 
Arbc1tsbeginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
April 1, 1974 1981 1'-!uller-Dietsche 
Stand der Arbe1tcn/Status Berichtsdatum/Last Updating Bewilllgte Mittei!Funds 
(l\) continuing December 1975 ·14. 986.000, -- DI1 34.379.5oo,-- D.H (B) 
1 General Aim 
C: T~e safety program which will be performed on the decommissioned HoR-
plant near Frankfurt/Germany, serves for clarification of· important 
problems within the framework of the light water reactor safety 
research program of the Federal Minister of Research and Technology 
(BHFT). 
The unrestricted availability of this reactor for investigations con-
cerning safety technology offers the rare possibility to check on a 
complete plant, the validity of engineering theories, applied design 
methods and the results achieVE!d in current research projects up to 
the actual limits of stress bearing capacity of specific reactor corn...: 
ponents. 
• 
2. Particular ob;ectives ( 







~ Safety Program 
--
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l I I 
I 
Spec .Proj. lspec. Proj . Spec.?roj. 
2000 3000 4000 
Pressure 3lo·.<Jdm·;n Earthquake 










1.1.1977 - 31.12.1977 - 2 - RS o123 A und B 
These five Specific Projects were determined due to the main objec-
tives presently pursued under the Reactor Safety Research Program . 
of the Ministry after harmonization with the involved authorities •. 
3. Experimental Facilities and Program 
3.1 Experimental Facilities 
The HDR with loo MWth power was built to demonstrate the possibility 
of nuclear superheating. Typewise, it largely corresponds to the 
German water boiling reactor designed around 1967/1968. The main data 
can be seen from Table 1. Particular importance is attached to a full 
pressure cont~inment and-the reactor pressure vessel. No nuclear ope-
:_) ration is envisaged· for the experiments. The experimental conditions 
\o~ill be obtained with an electrically heated boiler. 
3.2 Program 
~~~~!_@E££~~~£-~£2i~£~_!QQQ_~-~2~:~~~~E~£~~~~-!~~~~~~ 
Non-destructive testing serve for controlling the reactor pressure 
' ' 
vessel and the piping under pressure tests and blO\.;do~m-tests and 
for testing in-service inspection systems under development. The 
following objectives will be investigated: 
· - Assessment of record of the initial conditions 
Detection of failure initiation. and. failure propa~tion 
Testing of inspection methods; proof of the suitability of ne~., 
test methods 
Comparative evaluation of non-destructive testing systems, such as 
ultrasonic impulse testi~g, magnetic particle testing, penetration 
testing, eddy current r:~ethod, ultrasonic scattering, acoustic· 
emission, acoustic holography, radiography. 
~~~---@E~£!~~£-~~~i~£~-~QQQ_~-~E~~~~~~-~~~~~!-~~~-~~E~~~-2~~~~~~ 
Studies of pressure vessel and piping should be a further step of 
• I 
intensifying and securing the.basic knowledge of their safe design. 
The most important aspect is a study of the effective safety margin 
above the design ratings of components. The following objectives are 
pursued: 
Haterial properties at the beginning of the experiments. 







1.1.1977- 31.12.1977 - 3 - RS o123 A und B 
e.g., operating conditions, blowdown,thermalshock, earthquake. 
Component behavior under specific weakening - fabricational and 
operational defects and crack formations - to determine boundary 
strengths or critical defects. 
Reliability of the employed methods of calculation. 
~~~~~-~E~~!~!~_£E2i~~~-~QQQ_~-~~2~~2~~-~~~~i~~ 
In the blowd0\ .. '11 studies it is possible to measure radial stres.ses of 
reactor pressure vessel internals, contain~ent structures and full 
scale valves by means of reactor typical impulse and'mass-flow 







C: - Stress behavior of the reactor pressure vessel internals and 
containment structures 
Behavior of full scale valves under mass-flow excitation • 
Testing and further development of the various fluid and structural 
dynamic computer codes • 
~~~~1-§E~~!~!~-~~2i~s~_1QQQ_i_~~~~bg~~~~-~~~s!~~ 
Vibration-studies serve to improve and correct the basic knowledge 
about the safe design of building structures and ·pipe-systems with 
respect to the effects of earthquake. ~1is inplies the following ob-
jectives: 
Verification and optimization of available analytic methods 
Influence of material and soil characteristics and design conditions 
Testing of experimental tec~niques 
Advancement of analytica.l p:::·ccedures for the non-linear range. 
3.2.5 Specific Pro1ect 5000 : Leak Rate Studies 
------~----------'----------------------------These studies se=-.;e to de:~.er::-.ine the previously \.Ul.settled parameters 
with the. aim· to standardize thE'! leak rate procedure and the in-ser-
vice studies of nuclec;1r power stations. 
This involves the following objectives: 
Leak behavior of a cold plant. 
Leak behavior of a plant at operating temperature. 
Vcr~fication and optimization of existing analytical procedures. 
1.1.1977 - 3o.l2.1977 - 4 




RS o123 A und B 
The experimental test loop incorporating electric heating which is 
used to simulate approximate operating conditions prior to loss of 
coolant experiments was both installed _and checked out. In con-
junction \'lith this the central data acquisition system for the 
appro~imately 450 quick and 150 slow response time measuring stations 
which are anticipated, was installed in the control room of the plant. 
The leads to all the measurement transducers \vere enclosed in protec-
3 tive cables to guard agai,nst damage during blm.;d-o\·m experiments. For 
off-line data processing and storage, a computer supported documen-
tation system was developed, and brought into operation prior to the 
production of the first results. Technical safety analyses were made 
which confirmed that neither the building nor the structure were 
-endangered by the first blowdown experiments (s. SP 3ooo). 
§E~£iE~S-~f:2i~£~..:.!QQQ,...:._J':i~!!!~§:~!:f:~£!:~Y~-~~2!:~ 
The evaluation of both th•= first automatic ultrasonic, and complemen-
tary visual inspections of the pressure vessels was completed and its 
results compiled in a report. Acoustic ernmision and stationary ultra-
sonic probes were investigated for use under simulated operating 
:J conditions ( 110 bar, 310°C). A program was specified for theoretical 
and experimental analyses of crack growth in conjuction with the 























The loading of the material in the vessel t,.,·as experimentally r · 
analysed under warm static conditions (110 bar, 310°C} as well as 
during the first blowdo~tl.experiments Under boiling,water conditions. 
For these, detailed strain measurem~nts were made ·~; both the inside 
and qutside of the RPV walls. The reaction of the exit pipe system 
., 
for the b~owdown experiments involving a test valve was determined 
in the same manner. Laboratory experiments on "t:he IIDR Piping system 
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§E££~g~£_E~2i~£~-~QQQ_!-~~2~~2~-~~~~!~~ 
After completion of the preparation of both plant equipment and the 
'measurement system, the first series of blowdown experiments with a 
steam isolation valve was carried out. Four experiments were per-
formed under different conditions: 
Nominal data: 
Variable data: 
Experiment 1 . . 
E~:periment 2 . • 
Experiment 3 . . 
Experiment 4 
7o bar, 280°C, water level 4 m in a 12 m high 
RPV, rupture nozzle ~~~ 450 
through put loo %, ~ure steam flow, valve. 
closure without in.tentional delay 
through put 2oo % othen'lise as in 1 
2oo %, int.entional valve closure delay of 
4 seconds, 2-phase flow,water -steam 
through put 4oo %, otherwise as in 1 and 2 
'l 
Accompanying the experiments \•;ere both fluid and valve. dynamics 
calculations. The final evaluation and analysis of the results is not 
yet completed. The installation of equipment for the next set of 
blo~tldo\-m experirne1'4ts with a feed water check valve (NW 2oo) has been 
initiated. 
§E~£~~~£-~~2i~£~_1,QQQ_!-~!~;:~~SI~~~~-~~~~!~~ 
r· The calculations decribinq the behavior of the building, piping 
0 system's and pressure vess1~l in their natural vibrational modes \'iere 
completed and compared with th; experimental results from low level 
excitation tests • .Xorecver, various procedures were. utilized to 
calculate their ~ehavior C..'1de::: forced vibration .. · Th!e comparison of 
these results with experimental measurements is s~ill in p~ogress. 
Specification and analytical preparation was initiated for experi-
ments with higher excitation levels. 
Additional mcasureme~ts were performed on. the plant in a cold state 
with the purpose of gaining an exac't knowledge of the containment 
volumes and the level of the critical swelling pres.sure. This 
evaluation is still in progress and experiments on the plant in a 
"'\ 
1.1.1977- 31.12.1977 
- 6 - RS o123 A und B 
warm state are not foreseen until it is completed. 
/ 
4.2 Essential Results 
----------------------
~1e experimental analysis of strains and temperatures (SP 2000) 
measured during cold and warm pressure tests on the Reactor 
Pressure Vessel (RPV) show quite plainly that, even in steady state 
conditions, a relatively high temperature difference can occur -
particularly in flange and bolting regions - which can lead to con-
siderable thermal strains. In none of the blowdown experiments 
I 
conducted to·date, has the loading in the RPV exceeded that caused by 
intial conditions. 
..I The blo\'ldown experiments (SP. 3000) \'lith the steam isolation valve NW 
SOO'demonstrated that the ·valve can withstand the loading which 
occurs in a loss of coolant accident several times \'li th neither 
'damage nor impairment of function. There was a relatively good 
agreement between calculated and measured closure behavior. The mass. 
flow corresponded to what was expected. No substantial damage occured 
in the containment. 
The comparison of the analytical results (SP 4000) describing behavior 
of the building, piping systems, and pressure vessel in their natural 
vibrational modes with measurements taken under low excitation gave 
a good agreement in part, but in several of the· parallel calculations 
a definate departure was c>bserved. The cause for the departure lies 
) in the modelling representation. The volur."'es of the containment 
relevant to the leak rate investigations (S? Sooo) can now be exactly· 
determined. The critical swelling pres·sure does not appear t~ be 
as \.,ell defined a transition point as was shov.n by the first mea-
.surements. 
5. Next Steos 
Several points which will be included:in fu=ther investigations are: 
measurement of the enthalpy contour~ with the core barrel in 
place, and checking out of the test"loop for exp~riments ~n the 
RPV internals ) . 
a. series of blowdown experiments utilizing a feed water ·check 
valve 'of NW 2oo (SRV 200) 
I 
·. 
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additional experiments to accompany the previously performed 
blowdown experiments with the steam isolation valve (DIV Part II) 
blowdo\m experiments with a feed water check value of NW 35o 
(SRV 35o) 
, In addition thermal shock experiments on the 1-'::DR pressure vessel as 
well as containment blowdowns are in preparation. ~~ether or not 
these experiments can be performed in 1978 is still not'decided • 
For all experiments both calculations and comparisons of these 
calculations with experimental' measurements will be performed. 
C 6. Relation ..,,i th Other Projects 
1. I~vestigation of the,Phenomena Involved in the Depressurization 
of ~later Cooled Reactors RS 16/2 
2. Investigation of. the Phenomena Occurring \vi thin ~ 
Nulticompartment c·ontainment .after Rupture of the 
Primary Cooling Circuit in Water Cooled Reactors. 
3. Reaction and Impingement Forces on Components 
and Structures Caused by a ~~o Phase Jet Dis-
charged at Primary Pipe Breaks. 
4. Joint Reactor Safety :r;xperiments in the PO\ver 
Station of Marviken, Sweden. 
5. Ultrasonic Pulse-Echo Spect:ro scopy in 
() Ultrasonic NDT. 
6. Investigations on a Continuously Operating 
System for Crack Gro\-rt.h Surveillance in Pressure 
Vessels, Part IV: Furt:he~ Development of Acoustic 
Emission with Regard to the Application at the 
Reactor. 
Nondestructive Inservice Inspection for Reactor 
Pressure Vessel with Eddy Current Methods. 
7. Development 'of Non-De'structive Testing Xethods 
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7. Reference Documents 
- Paper for IEA - SLT - ERD - Expert Group on Reactor Safety 
"Safety Investigations in the Decomrnissioned HDR-Plant," 
April 1975 (in English) 
Paper: IIDR Safety Program - General Program - Status as of De-
cember 1975 Gesellschaft fur Kernforschung (in English) 
- Quarterly reports: in the IRS-Research Report· series (in German) 
Reports IRS - F - 21, ·23, 25 - 27 
- Annual report ·= IRS - F - 24 (in English) • 
~ Annual report : IRS - F 25 
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VorhJbcn/Projcct T1tle Lanrt 1r.nuntry 
Programmentwicklung zur mehrdimensionalen FRG 
Kontinuumsmechanik Fordernde Institution/Sponsor 
BMFT 
Code Development in multidimensional Auftragnehmer/Contractor 
continuurnmechanics INTERATOM 
Bergisch Gladbach 1 
713o 
Arbcitsbeginn/lnlliated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1.9.74 31.12.79 H. Banasch(Koord.) 
Stand der Arbeiten/Status Berichlsdatum/Last Updating Bewilligte · MitteiJFunds 
" 31.12.77 continuing 2.251.900,-- DM 
1 • General Aim 
Developments of methods and computer codes for calculations 
in multi-dimensional hydrodynamics coupled.with multi-dimensio-
nal structural dynamics. 
2 •. Particular objective 
Development of a computer code treating "KOntinuumsmechanik mit 
~uler-!!agrange-Koordinaten und ~alentheoriet (KOELSCH) " .• 
Validation of developed methods and codes via· available experi-
ments. Participation in the £Q.de ~lidation-Pr,o~ramme at Euratom, 
Ispra (COVA). 
3. Research Programme 
3.1 !H& 
Computational methods for multi-dimensional hydrodynamics with 
"Euler-_!:!agrange-liocrdinaten" {for the three-dimensional 9ase 
only Eulerian coordi~ates). 
3.2 !?!!~§~ 
Methods for the description of expansion of bubbles (vapour 
bubbles or bubbles of explosive c~arges) in two dimensions. 
3.3 §gu~~LE~~! 
Methods for the two-dimensional structural dynamics of shells 
and plates. 
1 • 1 • 7 7 - 31 •. , 2 • 7 7 - 2- RS 139 
3.4 ~Q§_1~g~~~!2n_gg_§~~!~l 
Treatment of material properties. 
3.5 ~Q~!!§~li 
Main programme for coupling the various routines. 
3.6 !~~Q~!!LQ~!~Q~!! 
Routines for input, output and plotting. 
3.7 Y~!!2e~!2DL_gQY~:E~2g~e~~-e~-~~~e~2@L!~E~e · 
4. 
5. 
Calculation of appropriate experim~nts and participation in the 
COVA-Programme at Euratom/Ispra 
Experimental Facilities, Computer Codes 
In section 3 there are given the names of the various routines 
which will be developed and used. 
For participation in the COVA-Programme at Euratom/Ispra the 
code ARES is used. 
Progress to DATE 
ad 3.1 3D-versions j_n cylindrical and toroidal·coordinates have 
been written and tested for the hydrodynamics part of the prob-
lem. 
The· 2D-mod'ules for hydrodynamics and structural dynamics have 
been coupled and tested. 
ad 3. 3 Th~ treatm:nt of structurail. dyna..-nics has been improved 
by inclu~ing shear st=es:3es and bending nor.~ents {SCHAL) 
ad 3.4 The treatment of elastic-plastic behaviour of shells 
has been tested by calculating the pressure wave propagation 
in a fluid filled thinwalled pipe. 
ad 3.5 Concepts for an optimum coupling of all available physi-
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6. 
·ad 3.7 The Belgonucleaire/Ispra experiment E114 has been calcu-
lated with the 20 hydrodynamics module. 
An INTERATOM-test of pressure 'lrave propagation through a· fluid 
filled elbow has been calculated with the 3D hydrodynamics mo-
dule~ 
Within the frame of the participation in the COVA-programme at 
Ispra the ARES code has been continuously updated according to 
the improvements achieved at INTERAT0~1. An !!!!1-version of ARE.S 
in single precision has ·been established and transfered also 
to KFK. ARES-calculations have been performed for the COVA-
tests ITS and IT7. 
Results 
ad 3.1 The first part of an interim report (see item 9) has 
been completed which describes the theory of.· the 1 D-, 20- · and 
3D-hydrodynamics code versions.·· , 
ad 3.2 The treatment of the expansion of a hi~~ pressure bubble 
surrounded by compressible fluid is described.1in the interim · 
report (item 9). ·. ·· 
ad 3.3, 3.4 The end constraints ·of a fluid filled pipe ~hrough 
which a pressure wave is propagating, induces a multi-axial 
stress situation and thus very much reduces the strains achie-
ved. 
ad 3. 7 The calcula.t:.ion for the Beil.gonucleaire/Ispra experiment 
E114 with ~he 2D h~·C.::ocyn~-nics module shows good agreement with 
the experimental results and with the results obtained by the 
Lagrangian code ARES. ·· ' 
The calculation for the INTER~TOM-test of pressure wave propa-
gation through a fluid filled elbow with the 3D-hydrodynamics 
module sho'l~good agreement with the experimental results.· 
W'ithin the frame of the participation in the· CO,VA programme at 
Ispra it turned out that speciai ·a.tt.ention ha·s to be paid to · 
the single precision IBH-version of the REZONE routine in the 
ARES-code. The ARES-calculations ·:for the COVA-tests ITS and IT7 
11 
1.1.77-31.12.77 - 4- RS 139 
were taken to rather long problemtimes (12 msec for ITS and 
3o msec for IT7} • The results compare well with the results 
obtained by other codes (ASTARTE, REXCO-II}. 
7. Next Steps 
The treatment 6f the structural dynamics, the coupling of hydro-
dynamics and structural dyn~ics, as \>le 11 as several test cases 
will be documented in part 2 and part 3 of an interim·report. 
The coupling of the hydrodynamics and structural dynamics routi-
nes will be further tested. 
A concept fot optimum coupling of all physical routines (KOELSCH} 
) will be selected and tested. 
8. 
Within the frame of the participation in the COVA-prograrnrne at 
Ispra plot routines will be added to the IBM-version of ARES. 
Further tests of the COVA series will be calculated with this 
code. Spec·ial attention will be paid to further· improvement of 
the treatment of perforated structures within containment codes. 
"'· 
Relation with other Projects 
9~ References 
1o. 
L. Lange, E. Blokker, s. Hentschel 
Zwischenbericht des Forschungs- und Ent-r.·licklu-ngsauftrages 
RS 139 .- Progra.•·nme:rrt·~;icklung zur mehrdimensionalen Kontinuurns-
mechanik. KOELSCH (~Qntinuurnsmechanik in Euler-Lagrange-Dar-
stellung und SCHale!'ltheorie). Teil 1: Fluiddyn~u-nik ,INTAT 77.67, 
Mai 1977 
Degree of Availabilitv of the Reports 
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2. 
continuing 31.12.1977 116.983,-- DM 
General Aim 
Within the APRICOT-Program (~nalysis of PRimary £ontainrnent Tran-
sients) a series of benchmark problems are to be calculated un-
der international participation with coptinuurn mechanics codes 
designed for ,the description of the dynamic beha·viour of the 
primary containment of sodium cooled fast reactors. Their results 
will be compared with each_other and with experiments specially 
chosen for this purpose. 
The knowledge gaine~ here can be used to solv~ engineering prob-
lems more economically and to increase confidence in usage of 
internationally validated codes for safety cases. 
The APRICOT-Program •.:as initiated and organized by USERDA. 
Particular Objective! 
The partici~ation ::..~ ~1:-:e ;.:?::<ICOT-Prograrn takes place by treating 
the propo~;ed benchrna1:k problems with the INTERATOH code ARES. 
Results and comparisons with experiment will be eval~ated by 
a group of independent experts from which an increased confi-
dence in the codes will result. 
Moreover the participation in the APRICOT-program will give 
access·to foreign exp6rimental results and will permit to be-
come acquainted with the capabilities of the other codes. 
,, 
..;,_ ___________ ._ ___ ., __________________ . .,. -·-·- . 
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3. Research Program 
3.1 Ten on:.ranisations from five countries participate in the 
APRICO'r-prog'ram with eleven computer programs. For comparison 
vli th experiments results from explosi-on tests of the Code-Vali-
dation-Program in England and Ispra (EURATO~l) and from e¥plosion 
tests of the Stanford Research Institute/USA {SRI) are available. 
3.2 ·The APRICOT-program consists of two phases. Phase A contained 
three tasks. This phase, where INTERAT0~·1 participated in coope-
ration with GRS (Koln) is terminated. For phase B (considered 
here) tasks four through seven were defined. With ARES the 
tasks six and seven will be treated and the results will be 
compared with the corresponding SRI-experiments. 
Task six consists of the calculation for an explosion test in a 
water filled thin walled cylinder. It contained a thick walled 
inner tank made of steel. Pressure and strain gauges which were 
fixed to the cylinder w3.lls produced experimental curves which 
can be'compared to the calculations. 
Task seven treats a similar SRI-e·xperiment "Yrhich differs only 
in the inner containc~r, which consists of lead with a thin 
,_.... surrounding shell of altlrninium .. \.._.. 
3.3 The geomet=ie layout o! these experiments is modelled with ARES 
' 
which cal:::ulates the loading and deformation history of the 
tanks. 
3.4 The calculated results are compared with the experimental ones 
and with those of the other codes. 
4. Experimental Facilities, Computer Codes 
I 
.. 
The Interatom-code ARES is a two-dimensional (cylinder symme-
trical) compressible Lagrange program which works by· the finite / 
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are given, the code calculates pressure wave propa~ation, hydro-
dynamic flo\oT and the structural deformation by means of the pro-
gra~uncd differential .equations, equations-of-state and stress-
strain behaViour of the materials. As results coordinates, velo-
cities, pressures, stresses, strains, energies and other variab-
les can be plotted as functions of space and time. 
Progress to Date 
Input data for tasks 
lations were done to 
tal structure \olithin 
Results 
six and seven were set up and first calcu-
obtain an optimal napping of the experimen-
the·code. 
Tasks six and seven were carried to about a quarter of the desi-
red problem time. The corresponding local pressure and strain 
histories are at hand. 
Next Stens 
The APRICOT problems six and seven will be calculated up to the 
desired problem time an a suitable modelling. The calculated 
results will be compared with the results of the SRI-experiments. 
8. Relation wic~ other PLojects 
The work des=ribe~ hare is considered as an important support 
and extension of the international· code validation work, \olhere 
Interatom participat~s i~ the coce validation program in England 
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Thcoretische und experimentelle Untersuchun- FRG 
gen zur Bestimmung der Stromungs- und Tempe;ra- Fordernde Institution/Sponsor 
turf elder im oberen Reaktorplenum bei tran- BHFT 
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INTERATm1 
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on Transient Velocity- and Temperature Fields 
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Arbeitsende/Completed Leiter des Vorhaben:;-'Project Leader 
28.2.79 fi. Inq. qrad. Banasch 
Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
31.12.77 1 •. 158.168,-- OM 
General Aim 
Safety Design of Sodium Cooled Breed.e;r Reactors against 
Transient Thermal Stresses. 
Particular Objectives 
Development of an Experimentally Proved Computer 
Program Concerning Time Dependent Temperature Fields 
within a Reactor Outlet Plenum. 
Research Program 
Theoretical Investigations 
Computation.of. a Representative Transient Behavior of 
Fast Breeder Reactors by the Use of already Existing 
Computer Cod·es 
Discussion of Fundamental Flow Hodel Design by the 
Use of an Ele~entary Code 
Literature 
Development of a New Computer Progr~lJI 
Coord~nation of Hodel Pafameters ansJ.._.Experimental 
Results 
Experimental Investigations 
Discussion of the Experimental Program and the 
Specified Parameters 
Reconstruction of the Existing Outlet Region Feature 
Model 
Determination and Providing Measuring and Control 
Technique 
Instrumentation 
Time of Beginning of Operation 
·, 
s-~) I t . 
------- ----
c 
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Experimental Facilities, Computer Codes 
Test will be run using the 1:4 scale model. A specific 
reconstruction of this test facility is carried out. To 
start with theoretical investigations input data from · 
projected experiments are figured out for the computer 
code TIRE. To make this program compatible with the 
geometry of the special test facility some parts of the 
TIRE code are going to be changed. 
5. ·····Progress to Date 
ref. 3.1.1 First informations about the charakteristic transient 
SNR 2 outlet plenum behavior could be evaluated from 
preliminary TIRE calculations. 
ref. 3 ., 1 • 2 
ref. 3.1.3 
ref. 3.2.1 
ref. 3. 2. 2 
ref. 3. 2. 3 
A quantitative description of the different. parameters 
needed to properly design the test facility is com-
pleted. Computer runs concerning different tests are 
going to be speclfied. 
T\oro digital programs (MIX, VARR II-·A) are discussed· 
·and analy3ed where by ·the program MIX was made 
compatible with the CDC-Cyber 172 computer. 
The list of experimental investigations is completed. 
' All para~ete~s necessary'to design the test f~cility 
as·well as the loop sy~tem are marked out. The facility 
is shown in Figure 1. 
Tests areto be performed using water with a 1 :4 scale 
model. The capacity of the inlet flm;; volume has been 
reduced so that inlet temperature transients could be 
developed. Plenum liner and suppressor plate of the 
upper Plenum were supplied wfth bor~holes similar to 
SNR 300 design. Furthermore a cylindrical liner was 
installed on the top of the suppressor plate to stop 
any fluid flow in this rsgion. 
The measuring and control techni~ue ls largely at hand, 
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ref. 3. 2. 4 
6 . 
ref. 3. 1 .1 
ref. 3.2.1 
ref. 3. 2. 3 
7. 
ref. 3. 1 • 2 
ref. 3 .1. 3 
ref. 3.1 • 4 
ref. 3.2.4 
8. 
work is done concerning the installation of the 
measuring technique of the flow model. Thermocouples 
with a response time of 8 msec are installed at the 
plenum liner, the vesselwall and the outlet nozzel. 
Further thermocouple instrumentation will be done in a 
1/3 sector of the inner part of the upper plenum. A 
outlet plenum thermocouple map is going to be sketched. 
Resul,ts 
The ·characteristical transients in the upper plenum of 
a commercial breeder reactor have been calculated using 
the existing program· TIRE for the following three basic 
cases: scram from 100% power with a maximum decay heat, 
I 
scram from 1 o·o% power with a minimum decay heat, scram 
from 30% pow·er with a minimum decay heat. · 
Different reactor transient conditions to be simulated 
in the experimental program can be ac0ieved with the 
model test conditions. The experimental program in-
cludes variations in test conditions from the basic 
reactor trip simulation. Flow rate and density changes 
can be varied to study the effect of Archimedes and 
Froude number. 
' The operational test concerning the ~easuring and 
control technique of the test facility is done. 
Next Steos 
TIRE code computations for test des~gn 
o:.scussion of computer code MIX. 
Discussion of an new computer program 
Flow model instrumentation 
Relations with Other Projects 
..... {...: 
Till this time there are no relations with other 
projects. 
~----------~R~e~f~e=r~e~n~c~c~s 
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General Air:1 
IIighcr power densities are aimed at in large~ breeder plants. 
This can lead to sodium boiling in the case of emergency cooling. 
Short-term boiling may be permitted in the ·fuel elements, if it 
can be proved that the capability of the boiling elements is 
guaranteed for the boundary conditions of the in-tank natural 
circulation. 
The operational capability of the emergency ,cpoling has till 
now been proved by the INTERATOH-computer code NOTUNG 1 1 /. 
A~ this program is restricted to the simula~~?n of single phase 
flow processes an extension of the code is necessary to take 
account of boiling phenomena in single fuel elements under na-
tural circulation conditions. 
The airn of this project is to develop a simplified boiling mo-· 
dule which together with NOTUNG will enable predictions regar-
ding flow and temperature fields that may arise in emergency 
cooling p~ases if the local boiling temperature of the coolant 
i ..:1 • • bl ..:1' ' s excee~ec in tne unw~e area. ; 
A feasibility study has to be carried out in parallel with the 
above to produce an experimental model which can be used in 
boiling exverime~ts at a later date. 
2. Particular Objectives ; 
- Evaluaiing of literature concerning previou~ boiling experi-
ments 
- Development of a theoretical model to calculate natural cir-
culation boiling phenomena , ·, 
Verifying of the theoretical model by means of present boi-
1.6~77 - 31.12.1977 -2- RS 269 
ling experiments 
Inserti9n of the boiling model into the code NOTUNG 
- Production of a feasibility study for boiling experirne~ts under 
natural circulation conditions 
3. Research Program 
3.1 ~~~2!~~~!£_2~~9Y 
Evaluating of previous boiling experiments.Critical examination 
of the applicability of these experiments. 
() 3.2 !b29!~~~~~1-ill29~1 
Laying down of the program's s,tructure 
3.3 Q~~£!~!n~~!2n_2E-~h~-~~2~E~!~~~~~!2 
Similarity considerations. Laying down of the test parameters 
3.4 !3gPQ!~ 
Documentation·of interim results 
3 • 5 _Qgyg,l.QPID§D.!-_Qf_fQDf§I?.t§_l.Q!_.t.bg_f.Q.D§£!ll.9.t.!Q!L~9fL!!.'.~§§ll!"iDS-.t~9b.: 
Di9llQ§~ Constructional design selection of measuring techniques 
r 3 • 6 E!2gf~!!L9gY£1QEffi~n~. 
Production of the computer code I] 
3.7 £~!9~1~1:J:2I::§ 
Checking of existing boiling experiments 
3.8 Rc-workina o= the nroara~ ------------------~--~---
Program modification resulting • from the information gained from 
the checking 
I ' 
3.9 Module insertion 





-----~-- -- -· - -- -·. 
~~-
I' 
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3.1o [!~~1-~~EQ~~ 
Description of the program. Evaluation of the results obtained 
und analysis to see if more tests are necessary with the aim of 
further modifying the program. 
4. Experimental Facilities, Comouter codes 
to The flow and temperature fields in the case of emergency coo-




is restricted to the simulation of single phase flow processes. 
Progress to Date 
The results of the boiling experiments have been examined for 
their suitability in terms of code verification. 
to The equations, which are necessary for the calculation of a na-
3.2 tural convection circuit (with and without boiling) have been 
drawn up. These equations have been inserted into the program 
flo• .. r chart. 
to The physical variables, which have the PlOSt influence in deter-
3.3 ming the natural circulation of a two-phase flow in the reac-






of a test section were deduced. 
An interin report I 2 I has been produced which closes the 
first phase of the working prograrr.:ue. 
Results 
Existing boiling experiments have been carried o·ut almost sole-
ly for high power densities and forced convection. They, on 
the whole, aim at the simulation of transient boiling phenome-
na \'rhich are not comparable to the prevelant natural c.i:rcula- ·' 
tion conditions. With the help of experimental results several 
authors draw up equations which can determine the two-phase 
pressure drop in sodium flow. These equations can be used fo+ 
the determination of the theoretical model. One author ;'6 1 
reports on boiling experiments ~ri th natural ·'circulation. The 










values which are typical during the emergency cooling. 
'rhe calculation scheme. is almost the same a~ in NOTUNG I 1 '!. 
Fo~ each time stcp6t a heat and power balance is carried_out 
using explicit differenc~ method. The current state is based 
on the temperature and the flow rate distributions at ·the pre-
.vious time step. The boiling·model calculates the vapour qua-
lity in the heat balance and the pressure-gradient of the two-
phase flm.., in a power balance. For the calculation of the two;_ 
phase pressure drop the correlation of Lockhart-Martinelli 
I 3 I is used. The relationship for the pressure drop multi-
plier, used for ·the present by us, is an experimental correla-
tion developed by A. Kaiser and w. Peppler I 4 1. The vapour 
fraction which determines the higher buoyancy due to boiling 
is described by a correlation from Levy I 5 1. 
In order to have the same main limiting qualities ~n the reac-
tor and in the test section, the·following demands must be ful-
filled: 
- the same heated lengths and geodetical heights 
- the same time scale 
- the s.arne axial power density distribution· 
the same system pressure 
the sa~e share of the pressure-loss in the pin bundle, the 
core bypass and in the throttles 
- the minL~~. number of pins in the pin bundle is 37 
- a large= wrapper tube fall thickness, that the ratio of power 
input into the pin bundle to the heat absorption of the core 
bypass is the same 
The investigation is sho~n in 1 2 1. 
Next steps I •, ~_ r: 
to . Preparation of the constructional and measuring draft 
'3. 5 
to Program development 
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8. Relation with other Projects 
Under the title 11 Lokales und integrales Sieden in SNR-BUndeln", 
the IRE (Institut fur Reaktorentwicklung, Kernforschungszen-
trum Knrlsruhe, 15oo Karlsruhe, Postfach 364o) conducts in-
vcstigatioris into decay-heat~removal under natural convection 
conditions for a 37-pin bundle. 
9. References 
I 1 I 
I 2 I 
I 3 I 
I 4 I 
I 5 I 
I 6 I 
F. Rosgen, F. Timmermann, H. Vossebrecker 
Warmetechnische Berechnungen zur Notkuhlung des SNR-3oo 
KTG-Fachtagung der Fachgruppen Reaktorsicherheit und 
Thermo-Fluiddynamik in Stuttgart, Januar 1975 
K. Brockmann, u. Willrodt 
Zwischenbericht des Forderungsvorhabens RS 269: Unter-
suchung zur tankinternen· Notklihlung unter Berlicksich-
tigung von Sieden,INTAT-Nr. 78.6 
R. W. Lockhart, R. c. Martinelli 
Proposed Correlation of Date for Isothermal Two.-Phase 
Two-Component Flow in Pipes 
Chem. Ing. Progress.45,·1949, s. 39· .... 48 
A. Kaiser, W. Peppler 
Sodium Boiling Experiments in a Seven-Pin Bundle: 
Flow Patterns and Two-Phase Pressure Drop 
~uclear Engineering and Design 43, 1977, s. 285 - 293 
s. Levy 
Steam Slip, Theoretical Prediction from Momentum Nodel 
J. Heat Transfer 82, 196o, s. 113 - 124 
- ,J 
A. Kaiser, w. Peppler, :·M. Straka 
Decay Heat Removal from a Pin Bundle 
International Meeting on Fast Reactor Safety and Rela-
ted Physics 
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' Within the frame of saf_ety· considerations for sodium cooled fast re-\...J 
actors hypothetical power excursions have to be tf~ated. To study the 
mechanical impacts of thes-e-excursions on the primary containment 
' ' ' 
. computer codes are used. A verification o.f the computer· cod~s used is 
nec~ssary for the safety evaluatiori of.the reactor vessel. There has 
not been a fully validate<I- computer· code until now"in the Federal. 
Republic of Germ~ny. An agreement has been concluded between KFK in 
fl 1' 
Karlsr:uhe and the United Kingdom Atomic Energy Au.thori ty (UKAEA) pro-
viding for the exchange of R&D results". The agreement stipulates inter 
alia that ali the experimen.tal results from the English code valida-
tion program are transfer~ed to Karlsruhe. ~he experiments are per-
formed with water filled vessels 'with and without. internals. The 
\ power excursion is simulated by an explosive charge. A selection is 
, - J made among the roughly 4o main experiments. A comparison is performed 
between tbe experimental and calculated r~sults. So statements can be 
'made on the r~liabili ty and accuracy of the theoretical computer models 
used. Necessary modifications have to be indicated. -Results of these 
activities are also integrated in 'the licensing pi'ocedure for the 
1 SNR 3oo fait breeder reactor. 
. 
. . \h 2. Particular Objectives 
"'' 
-The British COVA program ·includes experiments witn·· short tanks (pool 
' ' ' -q ,, ' 
type design) arid with ;long tanks (loop type desi<:;rn) . _-Since_ the SN'R 
line is based on the loop type, the advance calcui~tions and recalcu-
l.ations will concentracte on experimen'ts with long:;. tanks (se'e Annex.) 
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J. Research Program 
In 1977 computations and evaluatiotis were made for the following e~-
P<::riments from test programs under way iri Great Britain: 
h"J' 5: 
\\T 7 : 
\·;T 8: 
\·iT. 9 : 
Jong ri9id tank,. 
lon') thin tank 
• 
long thin tank with different charge weight, 
short rigid tank, rigid inner, 
' 
\·;T 1 2: short rig id tank, tank inner; rig id d iagr id, 
c:· 4. 'rest Facilities, Computer Codes 
A german working group \vas established which is made up of represen-
tatives of KFK, GRS and I~teratom. ~dv~mce calculations and recalcu-
lations were performed on selected experimfimts on~ a work sharing basis·, 
, using above all the ARES code developed by Interatoni (2-dim.Lagrange-
code} . 
Work Performed, Results Obtained 
KFK 
5. Work Performed 
Setting up programs for 
- reo!·ganizing ARES 3B data by the program; 
i, 
plotting major variables (pre~sure·, pulse, strains, etc.) 
versus t,ime a11d representation of fields (mesh grid, pressure, 
' ' 
velocity) ~ i 
~ ~ ~ 
- reading and plotting experimental da'ta stored o_li ·magnetic tape. 
'I'his work became necessary since ~he· s't.andar~ plotting routines for 
r ..,, ., , 
ARES cannot be used on the KFK computer system.·Advantage.was taken 
of this situation in order to adapt· the plotting-programs to the · 
' I 
particular requirements of ARES ve~ification. 
Recalculation of the COVA experiment FT 4 (short' rigid ,tank/without 
internals) up to /.roof impact.· Eight pa;rameter calculations in total 
were performed in which the·mesh size,. the predeforma:tion of meshes 
around the charge, the transferable tensile strain in the f~uid, and 
modelling of the cover gas were subj~c+:,ed to variations. 
' , Ex~eRsion.of the ARES 3B ·program by implerneritins the shell theory 
from 1\·RES 4A. 
..,; 
. '-i • i., 
. '· 
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First computations of the COVA expe+::itnent .FT 6 (short thin tank 
without internals). 
The work was s~pplemented by 
estimates based on calculations in order to determine an effective 
wall Ehickness of the thin shells with circumferential variations of 
the wall thickness; 
I 
development of a computer program allowing interpolation of dynamic 
stress-strain curves; 
estimates of the influence of ·uncertainties rega~ding load, geometry 
a~.d material data, on permanent deformation, using. a simple e?{ample. 
~. Results 
0 'l'he completion of' different plot programs allows to ad-opt in the 
~raphical representation of results both the con~entions of the UKAEA 
report and. to represent in an overall diagram the calculated ahd ex-
perimental results. 
Computations relating to the experiment WT5 and b.;:r.sed on the IBM 
version ARES 3B (KFK} and the CDC version ARES 4A' ( IA) ,essentially 
. yield the same results; hov1ever, it has to be con&idered that these 
,. ' 
computations are of a pure hydrodynamic nature. Provisional compari-
. ; . 
sons with the nominally iaenti~al COVA experiment IT 5/3 show that, 
. on an average, the peak pressure and :pulse {at 2 ms},. is· u,nde,restimated 
by 22% and 8%, respectively, at the botoom arid by 42% .. and 19%, respec..: 
tively, at the tank wall. 
~ .: 
1\ first comparison with the experiment FT 4 { 1) a:~s<r yields a consi-
derable_ underestimation of peak pressures • Until about 1 .• 5 ms the 
pulse curves shm.; a relatively good agreement;_ however,. beyond about 
2 ms, the pulse is clearly 6verestimated~ 
;, ... 
The test computations ref'en;- ing to th~ experiment F':f 6, using the 
ARtS 3B version extended with respect~to the Bhel~ ~heory, have not 
·yet provided satisfactory results; the:results sugg~st that the exten-
·' ded ARES JB version has still . some short.co1.11ings. In these calculations 
interpolated material data were used ~hich ha~ been determined for 
EN 321.vlith: the help ~f the interpola~i;?n .. J>rogram· al,ready mentioned. 
It is based on the visco plastic mate·rial J~w, ~btained by a fitting 
-Pl:'Ocess and characterzized by a logarithmic .d~pendeJ:)ce of the strain 
' •>!!' ~ . ., ' ' ' '. : ,··· rat~·~,!/• 
;-, ',~ • i 1 r 
.. 
' ' ~- ·~-- ........ ·-.--- ........ "·~·-·· -~ "I 
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Ec~calculations of dynamic tensile tests showed' a go<;:>d agreement of the 
-3 -1 
sLh_!ss-strain curves, in particular at the lower (3.7x1o s ') a!!.d the, 
11ppcr · ( i 9os- 1) limits of the strain ~ate range. 
'I'hc pz,ramctc:r studies on the influence on permanent deformation exer-
. ' 
tcd t~·· li tth~ uncertainties in material data, etc., yielded a consi-
. . 
dcrable uncertainty in plastic strain on the.assum~tion of a.pessimi-
:;L i..::: conbina tion. However 1 the transferability of these results to · 
·cavA experiments with ·thin-walled tanks has to be regarded with reser-
vations since in that cap,e the load and deformation conditions. are 
much more complex:and above all the load and structural deformation 
are coupled·to. each other, which is not included in the simple model 
c; used in 'the parameter study. 
'i 
GRS 
5. 1-JorJ< Performed 
S).nce the working group is not in a position to evaluate all the 
British COVA experiments, lt \>Tas agreed that only those experiments 
will be evalu~ted which are of significance for the German reactor 
line. These include th~ tes~s with a long tank, with a hemispherical 
' ., . . 
bottom or with internals sbch,as shield tank, dip plate or grid plate • 
. GRS started evaluating the test WT 7- (iong flexible tank, 2 oz LDE 
charge). The- calculations .are performed . on, fi CDC computer system 
' .Cyber 17 5 at Inter atom in Bensberg, us'ing the ARES rcomputer code. 
- ' .-; .-1 
Since ARES offers to ·the u•er diff~rent numerical ~ethods to treat a 
'('> problem and since some parameters have to be de. fined arbitrarily_ in 
the ea lculation, . a· l(arameter study was. perform~d at first .Starting·, 
from a reference. calculation of the test WT 7, the following parameters 
were varied syste::natically (see COVA:.:note 4/76}: "' 
the Lagrange grid,~ 
the rezoning frequency, 
I 
the aciceleration method for fluid elements; 
the time integration method; 
the artificial viscl:osi ties ~' :::· · 
Af~er standard values for the,respecti~e parameters had been d~ter~ 
mined in this <vtay, the test WT 7 was :calculated. ~ ·p~rticular d:iffi-· 
culty w~s encountered in modelling_ thei upper- shell ~·region sliding in 
a li~~(see CO\:'A note 4/77). Subsequently, calculat.fon. started with the 
> test:'_.wr. os (lon~L.flexible t~nk with 4 oz LDE char~e)_. 
c. 
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À special feature.of this test is, the phase in'which the rlsing water
coïrrmn geLs reflected by the roof ("roof i-mpact"). At this poi-nt the
dis'"or-tion.s of the Lagrange grid are particularly large, resulting in
nlr,i.i(:rj.cal- inaccuracies (see COVA-note Nr.1o/77). Since, in the inj-tiaI
phasc, a st't-isfactory agreernslnt was not found for test [tT o8 between
tl-re expcriinentally measured ând calculated deformations occurying ln
thc o'rrter shell, the studies related to the extent,to which.the shel1
grcory. implemented in ARES is suited to describe the experiment (see
COVÀ note No. g/1?t .
It was also examined, whether the nominal data applicable to the
stress-strain diagram for EN 321 are'valid for the CO-VA tanks used.
r(see COVA Note No.18/77), fn the calculation relating to the test'
ti1 oB the steel clata were subjected to; a parameter'variation (see
COVA Note No.2o/77). However, the quest^ion whethef the steel data are
applicable, cannot be answered untj-I the resuLts of the respective
material investigations'performed in the United Kingdom will be known.
At the *end of the period of reporting the test tüT 1 2 was calculaiea.
À documentation has not. yet been prepa;ed. :r
-l
6. Resu1ts
The par:ameter variation showed that the grid distortion exerts by far
the highest inflüence on the accuracy of cornputatlon. For this reason,
,na1l the calcu}at,j.ons have to be planneii such.that grid distortj-ons
remains a§ low as ,possible. Af ter tfre âàf culation -rêl.tirrg to the. test
' t..
!{T 7 had been terminated,,the British ëxperimentorè told us that the
chat'ge had burnt, incompLetely. Consequently, the strain curves mea-
sured in'the test cannôi be used to verify the computer program. The
same gffect vras foundlin the. experiments WT I in the United Kingdom
and IT 7 in Ispra, the'tests vrere subsbquently repeated. §ince the
British tgs! results were not commtrnicated until Noüember, a final
'- 1
.comparison has not yet been possible. ÀIthough with respect. to the
hydrodynamic variables such as pressure and pulse, adequate agreement
exist,ed bçtween" the cal-culation and the experiment. considerable devi-
ations occured between the calculationîand the experiment, conside-'
rabLe deviationê occured between t,tr.l,c[:-.uJation'and the measured
strains. An, examination of the she]I'theory used in ÀRES showed that
thd model equations should sufficientlÿ describe t.hese phenomena.
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doubtful whether the stress-strain diagrams for steel EN 321 so far 
used will satisfactorily describe the dynamic behavior of the COVA-
t~nks. Additional material investigations were agreed, the ~esults of 
which will be available during the first quarter of 1978. Until that 
d~tc it will not be possi~le to make a final judgement concerning the 
<ju<:llity o* the computer code. 
Il\ 
5. Work performed 
calculations were performetl for the tests WT 5 and IT 8 using the 
r: c; -
ARES program. The results of calculations were doctimented in the r_ele-
vant reports. Supplementary studies were performed on the following 
.items: 
I 
aj Energy balance in the ARES calculation of the experiment WT 5. 
b) Calculation of the elastic-plastic stresses in the ARES computer 
program. 
c) Estimate of the stress-strain values for the IT;9 tank. 
(": ·--d) Treatment of shells by ARES. 
6. Results 
In the comparison calculation performed between KFK and IA and rela~ 
ting to the test \vT 5 the older KFK program version rewritten to fit 
IBH machines essentially provided the same results as the newer IA 
version developed for CDC machines. It should be noted that in WT 5 
only the hydrodynamic part of the computer program is tested. A 
(·preliminary comparison with the nominally identical Ispra test IT 5 
(3) shows that the ARES.cornputations underestimate-by 8% on an average 
the pulses occurring at the bottom a~d· by 2o% on an average those 
occurring at the tank wall. 
In the test IT 8 considerable differences appear between the calcu-
lation and the experiment regarding the ultimate strains. The maximum 
circumferential strain in the exp~riment is about 8%, in the calculation 
about 5%. The measured meridional strains show pr~~ounced maxima in 
the range of the hemispher·ical bottom ''cmd in the ~pper tank region, 
which are not reproduced by the calculat:ion. The O.eviations are pro-
r- • ~ 
bably due to the fact that the material properties''of the tanks, es-
') ' 
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Jf: one compares the calculations performed with the ARES and ASTARTE 
progr.:1ms on the same test {IT 8 and FT 7, respectively), it can be 
found thnl despite the differenc~s in input data and model assumptions 
the caltulutions agr'ee .better .with each other than· the calculations 
do with tha r~levant experiment .. The uncertainty in material data is 
also a fcnture of the other COVA tests with flexible tanks. To eluci-
date this point, the material data were subject to. examinations in the 
United Kingdom, using tensile test specimens. 
7. Planned \~ork 
summarizing,the following can be said about the status of work so far 
performed: Calculations have been performed with respect to seven ex-
(:, periments using the ARES program. These experiments were selected by 
the existing working group after discussions had been held. Difficul-
ties with the resulting delays of the pla~ned working schedule have 
been due to tvm main reasons. The first reason lies' in the fact that in 
quite a number of experiments the explosive charge did not completely 
burn. For this reason, these experiments were repeated. The impacts 
on current work of the group have been that a numb'er. of calculations 
performed on the basis of non-relevant experimental results had to be 
I • 
calculated again us1ng the results of the repeated experiments. 
The second reason lies in the insufficient validation of material data 
for the experiments. This required additional activities on this sub-
ject and, at the same time, is the reason why unti"l--now a final report' 
has not been written. In spring 1978 the material data will be available 
on the tank material used. 
Then additional calculations v:ill be performed usihg these data. The 
,, 
final reports on the processed tests WT 5, WT 9, FT 4, and FT 6 will be 
,. . r• 
available by mid 1978. Only then a preliminary stat~ment can be made 
,· '· 
on the ARES computer program. By the end of 1978 the tests WT 8, \vT 12 
and FT 7 will be berminated by preparation of a final report. Until 
'that date some addition~l experiments will have to be recalculated. To 
obtain a· validated s·tatement on the cdmputer progr~ms for the tank and 
tank internals to be used for the LMFBR, another 8 to 1o experiments 
are considered necessary.Of the roughly 4o UK experiments 15 to 17 
experiments would then have been han~l~d. This me~ns an extension of 
one year,apprcciated by the working group, of the date of termination 
of work presently fixed at November 3o, 1978; 
- 8 - RS 242 
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short rigid tank, HE (same FT 1 
as FT 1) 
repeat of 1\'T 1 
repeat of WT 1 FT 2 
long rigid tank, HE FT 3 
long rigid tank, LDE FT 4 
short thin tank (same as FT6) FT 5 
long thin tank 
h"'r 8 repeat of HT 7 with different FT 6 
charge v1cigh t 
\·iT 9 short rigid tank, rigid inner FT 7 
h'T 1o short rigid tank, thin inner FT 9 
\''T 11 long rig id tank, thin inner, FT 1 o 
rigjd diagrid 
WT 12 short rigid tank, thin inner, FT 11 
rigid diagrid 
\'IT 13 long rigid tank, thin inner, 
per~oratcd diagrid FT 12 
.. 
viT 14 long thin tank, thin inner, FT 13 
perforated diagrid 
\'IT 15 short thin tank, thin inner, FT 14 
pcrfornted diagrid (same as 
FT 12) 
WT 16 long thin tank, thin perfor. FT 15 
inner, perforaled diagrid 
\'l'f 17 s:-tort rigid tank, touching NS, 
inner +outer constraining FT 16 
tanks 
\'"'T 18 short rigid tank, spaced NS, FT- 17 
outer constraining tank (same 
as I-"l' 16) 
\'IT 19 long rigid tank, thin inner, 
pcrfor.diagrid, perfor.dip plate FT 18 
h"'T 2o long ridig tank, thin,perfor. 






short rigid tank, HE 
(same as l'iT 1) 
repeat of FT 1 
repeat of FT 1 
short rigid tank, LDE i 
short rigid hemispherical, 
bottomed tank i 
short thin tank 
(same as l'i'T 6) 
short thin hemispherical-
bottcmed tank 
sho'rt rigid tank, thin 
inner 
short rigid tank, rigid 1 
inner, perforated diagrid
1 
short·rigid tank, thin I 
inner, perforated diagridt 
! 
short thin tank, thin 
inner~ perforated diagr~d, 
(same as WT 15) l 
side supported rigid 1 
diagrid j 
side supported perforated! 
diagrid, thin inner 
side supported ·rigid dia-l 
grid, lengthened thin I 
1nner to allow split I 
level coolant I 
short rigid ta~k, spaced 
NS, outer constraining 
tank· 
short thin tank, spaced 
NS, outer constr. tank 
side supported perf. 
diagrid, spaced NS, 
outer constraining tank 
As FT 18 but with de-
flc~tor h~ving rigid · 
conical face but 
colla~~ilc skirt 
. 
As FT 19 but add grid 
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The important phenomenon of local radial fuel relocation in 
normal operation resp~ the behavior of fu~l bundles is well 
understood and there exist a ·lot of always improved theore-
tical models .. The understanding of all kinds of axial be-
havior of fuel pin, however, is almost in the beginning, 
especially for all effects on··reactivity ·with regard to 
reactor safety. 
The aim of this project is to clearify the problems of·reac-
tivity changes in the fuel p~~ of a LMFBR caused by ax!al 
fuel shifting (slumping). 
Particular objectives 
- Preparations for a problem orientated analysis with the 
code r.nJ."IB us 
- Interpretation of irradiation experiments and data collec-
tion for IAHBUS calculations 
- Revision of IA.:"13US with the aim to get ·a' recording of the 
problem of all sl~ping phenomena within the fuel pin with 
regard to all effects of reactivity 
- Final evaluation and documentation 
-Final decision on a special~est program~ 
3. Research Program 
3.1 Special analysis of m-m irradiation experiments 
3.2 Special analysis of foreign irradiation experiments 
3.3 Literature review with respect to these special problems 
3.4 Preparation of data and data. collection for the IAMBUS-Code 
'1 :-
I (,J) 
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IAMBUS-Calculations, i.e. Analysis of experimental data 
Final· report. 
Experimental Facilities, Computer Codes 
IA~BUS (Interatom Model fqr Burn-Up studies on fuel rods) 
is a computer code to describe the thermal and mechanical 
behavior of cylindrical fuel rods for power reactors. The 
general aim of this computer code is the analysis of fuel 
rod irradiation experiments ~s well.as the transfer of 
these results on the design and the prediction of the in-
pile behavior of fuel rods of LMFBR's. 
Progress to Date 
Examination of available reports on own irradiation exper_i-
ments and special analysis of the data. 
Suminary of experiment descr·iption including data collec-
tion and single evaluation of foreign irradiation experi-
ments. ., ' ,. 
This summary is finished now. A corresponding report is to 
be published. 
A systematically review of the open lit~rature has been 
started and will be continued further <!>tl,. 
First test calculations have been carried~out with the 
computer code IAHBUS. 
Results [, 
In the frame of this special project i-t is not possible to 
use all experi~ental result~ of own iDradiation tests, be-
cause some of these tests· were run under different aims. 
Mainly TREAT-experiments seem to be suitable for the exa-
minat.ions required· within· this project .. : • First experiences 
exist with regard to here mentioned questions. Some of the 
TREAT experiments refer directly to srmnping phe·nomena. 
There exist sufficient experimental da~~. A summarizing 
survey of all test. resul us ·<is under pre-paration. Using 
this surv~y it will be easier to use all these data direct-
ly for all IAMBUS calculations. 
During the preparatory. work for treating these special 
' 
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problems with the computer code IAMBUS some test calcula-
tions'have been carried out referring to the results of.own 
irradiation experiments. 
These calculations have to be regarded as precalculations. 
Next steps 
The data of selected.irradiation experiments will be pre-
pared for the use in IAMBUS. 
After selection of experiments, checking of completeness 
of data sets the survey of data has to be Slli!Warized in a 
report. 
. 
The review of the open literature will be continued. 
Based on the present experimental results and the test cal-
culations it is possible to start with a rivision of the 
IA.t'ltlBUS-code. 
,. 
Relation with other Projects 
References 
TANSAO 26,1-610 (1977); ANL-RDP-23, Dec. 1973; 
TANSAO 22-1, 1-836 (197S); TANSAO 23, 1~637 (1976); 
HEDL-TME 76-47; HEDL-TME 74.15 
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1. General Aim 
The objective of the work carried out und~r this project is 
to further develop equipment for remote-controlled ultrasonic 
inspection of the reactor tank of liquid-metal-cooled fast 
breeder reactors so as to permit remote-controlled volumetric 
inspectio:1 of the austenitic reactor inner tank according to 
the present status of the art on completion of this work • 
••• "T 
2. Particular Objectives 
2.1 Development and preparation of .. complete engineering for the 
follm·;ing equipment systems: 
Inspection equipment for the cylindrical tank region up to 
.the level of the s-shaped bend of the guide tracks 
Probe module carrier for the cylindrical tank region and 
the spherical bottom head.,. including supply and disposal 
of co~plant and extraction device 
Addit~onal equipment for t~e inspection of the cylindrical 
tank region above the bend ''Of the guid·e track 
Equipment for inspecting the nozzle-to--pipe transition 
welds 
Contoured probe module carrier with extraction device for 
the nozzle-to-pipe transi ti.on welds •· .. 
Additional equipment for testing the spherical bottom 
Cooling system for TV came~a 
I' . 
2.2 Development of a special cortt~ol system fdr adapting a multi-
purpose control system to matdh the specific requirements or 
·the SNR inspection facility. 
,I 
/ 





Testing of equipment system 
Research Program -, 
:x:velopment of the equipment systems referred to under 2.1 
with the exception of the cooling system for the TV camera 
Provision of a t'.'to-dimensional model to study the space 
conditions when traversing the s-shaped bend of the guide 
track 
Development of an alternative to. the currently envisaged 
drive concept 
Experimental Facilities, Computer Codes 
Not applicable 
5. Progress to Date 
Ad 3.1 The inspection equipment for the cylindrical tank region was 
reinforced in respect of all essential components to with-
stand hi&~er forces on the probe module ~Arrier. Subsequent-
ly, the detailing was started. 
As a basis for discussion, an inspection concept has been 
developed for the cylindrical part and bottom of the inner 
tank. The extraction system for the couplant has been re-
designed. · ·1 
. The development of the equipment for ins·pecting the nozzle-· 
to-pipe transition welds as. well as the bottom and the 
cylindrical tank region abo.ve the bend or· the guide tracks 
haG been started. In the li."gnt of initiarl'lstudies, it· is · , 
necessary to allow for cmgl'e variations 'or 5° with respect 
to the weld direction during. the inspection of the 
transition welds. 
Ad 3.2 On the basis of the model that has meanwh1le been completed, 
the critical positions as regards space tronditions have been 
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Ad 3.3 Since doubts have arisen regarding the performance of the 
proposed drive concept, alternative solutions have been 
sought. 
Discussions with U.S. manufacturers have not yet been 
completed. 
£.::..~- Results 
It- has not yet been possible to complete the worl{ in hand. 
Considerable difficulties are being encountered in respect 
of the existing space conditions. ·' 
~- .7~·--____ N_e~x~t~S_t_e~p_s 
The work under 3.1 and 3.3 i'lil"l be continued. The develop-
ment of a specific .control system for matching a multi-
purpose control system to the specific requirements of the 
Sl'i"R test facility will be started. ~ ·~ 
. ~· Relation with other Projects 
The problem definition has resulted in interfaces with the 
work done by Interatom, Bergisch-Gladbach;~ -- RS 25o and 
I 
the Bundesanstalt .fUr MaterialprUfung (BAMf -·Rs 244 • 
. g. Referen~ 
No technical reports have been completed during the period 
under review. 






Klassifikalion/Ciassification Kennzeichen/Project Number 
20 RS 244 
Vo•h:.ben/Projoct Title land/Country 
Ultrasonic Testing Techniques for Pre- and ~~~~~~~~~~~~land 
Inservice Inspections of Fast Breeder Reactors F~~FTde Institution/Sponsor 
Ul t.,ra~~challprliftechnik zur Null- und Wieder-
holungsprUfun:; von Schnellbrutreaktoren 
1 l l 
Stand dcr Arb!:nten/Status 
Continuing 









r . The objective of the project is to develop an ultrasonic testing '. ~ ~ 
technique for austenitic welds because the licensing procedure 
for the sodium cooled fast breeder reactors requires ultrasonic 
I . 
testing during production and ·furthermore the acceptance testing 
and the in-service inspections by ultrasound du~ing shut down 
periods. The difficulties 'in testing "austenitic. welds With u,l tra-' 
sound are arising from the special grain structure in austenitic 
weld metal. The limited reliability of the ultrasonic inspection 
of nustenitic welds is caused by th_ec.high attenuation of ultra-
sound due to grain scattering. Whereas the US attenuation of fine 
grain austenitic base material is found to be as low as in common 
ferr:ltic steels, the US attenuation in austenitic weld material 
is by a magnitude higher. 
For the inspection of these austenitic steel welds special tech-
niques had to be developed \'lhich are ::effective in materials 
with a rather high attenuation coefficient of the order ~ ~ 
" 0,3 dB/mm i-lhi.ch results in a low level of flaw e·cho sigr.:tals 








·' ; ! 
1.1.1977- 31.12.1977 - 2 - RS 244 
2. Particular Objectives 
Development of testing techniques for scattering materials 
- Adant~tion of testing techniques to curved specimen surfaces 
~ 0 
(e.g. tubes, nozzles etc.) 
• 
- Adaptation of testing techniques to elevated temperatures· 
( ...... 200° C) 
Hethods of signal processing to increase the signal· to noise 
ratio 
Research Program 
Ultrasonic properties of the specimen's and ultrasonic probe. 
materials 
3.2 Development of ultrasonic testing techniques for 
plane coupling surfacesof the specimen 
complex shaped coupling surfac~of the specimen 
3.3 Adaptation of testing techniques to elevated temperatures 
(-- 200° C) 
3. 4 Application of developped ul tras.onic testing techniques in 
the \'lorkshop. 
4. Experimental Facilities, Computer Codes 
La~oratory equipment for ultrasonic·testing at elevated 
temperatures 
Computerized equipment for signal processing 
.Computer code for calculation of data for-- construction 
of ultrasonic probes. ~ 
Progress to Date 
To 3.1 Measurement of velocity of sound and ~ltrasonic atten-
. ' 
nation both as a function of temperature in differ·ent 
austenitic steels and ul~rasonic probe components 










f ) ' 
. I 
---¥.-- ------------------, --· -· -------------- . I {,1} 
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I~ 
\, 
To :t•2 Calculation: The main part of the investigations wasjJ con.cer-
ned with further development of the transmitter receiver 
technique. The problem to calculate the tran'sducer dimensions 
and the wedges geometry is solved by application of the 
Kirchhoff diffraction theory. This calculation is compli- ' 
cated and several severe approximations are necessary. Mean-
, 
vthile a computer program which calculates these data for a 
given sensitivity distribution of the probe and a given 
coupling surface geometry of the specimen has been developped. 
Properties of the transmitter receiver probes: Because of 
the limitation of the sensitivity range of the probes for 
the testing of thick walled paFts several angular trans-
mitter re~eiver probes have to be employed whose sensitivity 
ranges cover the whole vteld under inspection. Size and posi-
tion of the sensitivity range·in the specimen and distance 
amplitude correction curves have been measured. As for spe-
cimens with curved surfaces special probes,with ada~ted coup-
ling surfaces are necessary. The test results are gradually 
deteriorating the more specimen radius R and probe radius r 
are deviating. According to now existing provisional ex-
periences the gap may not be much greater than 6s = 0,2 mm. 
The surface finish of the specimen has cons·iderable in-
fluence on the testing results. It is desirable that the 
surface should be smooth-cut and that there should be no 
long-'t'lave rip:ples with a depth of more than· 0, 2 mm. Further 
improvement in suppresion of r~flections f~om coarse grain 
combined with a desirable high.:resolution,iiS obtained by 
employing short, broad banded· ultrasonic pulses. For in-. 
crease of the effective bandwith of the ultrasonic testing 
system rnethpds of signal processing too e.g~ inverse fil-
tering (or deconvolution) .of the ul trasoni~ 'signals have 
been.used. Meanwhile transmitter receiver probes for testing 
of longitudinal and transversal flaws for plane testing 
surfaces as \-iell as for curved· testing surfa~es are available. 
i' 
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To 3.4 Applications of the transmitter receiver probes, in the work-
sho~~.In all cases test specimens with equal geometry and 
I I • 
I' i I 
from same material served to demonstrate the testability by ; 
r 
ultrasound with espec~ally tailored transmitter receiver 
probes. KindJsize and position of the referenrereflector for 
sensitivity calibration were given by testing instructions. 
- Inlet nozzle of an austenitic (X 6 Cr Ni 1811) pump barrel. 
Flange of a steam generator tube plate with varying radius 
- ' 1 
from 99 to 150 mm. ; . 
Circumferential \'leld joint betw·een ferri tic and austenitic 
material the lferritic part of the compound tube beeing 
cladded. 
- \'leld joints in a heat exchanger (X 8 Ni. , 6). 
- \<leld joints in a valve housin~ (X _20 c·ro Mo V 121 and 
GS-12 Cr Mo 910 or 10 er Mo_9~0). 
Weld joints in a preheater.for chemical·industry (X 10 Ni 




The results already achieved have been described above. 
;,, ... 
Next Steus 
- Development of ultrasonic testing tec~~iques for complex 
shaped welded specimens espec!ally thinwalled tubes 
(6 - 15 m ) • 
Adnptation of the testing techniques to elevated tempera-
tures ("' 2ooo c) • 
- Application of signal 
signal to ~oise ratio 
grain materials. 
processing methods to increase the 
- at ultrasonic testing of coarse 
I , I 
' 1 ~ 
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8. Relation to other Projects 
This project is linked with the projects RS 250 and RS 254 
by a cooperation treaty. 
9. References 
Join~ final report of BAM, M.A.N. and INTERATm-1. on the projEJoct 
RS 143, Ident-No. of the TI!TERATOM - INTAT 77.19-23.770 19.3-
Narch 1977 
E. Neumann, t4. Romer, T. Just, K. Matthies, E. Nabel, E. Mundry: 
Development and Improvement of Ultrasonic Testing T·echniques 
for Austenitic Nuclear Components; 
ASM/ASTM/ASNT/ANS·Conference: Nondestructive Evaluation in the 
Nuclear Industry, 13-15 Febr. 1978 - Salt Lake City - Ut~h - USA 
., 
• 
Ocrichtszeitraum/Period K1asslfikation/Ciassification Kennzeichen/Project Number 
.01.01.77-31.12.77 20 .. RS 250 
. 
Vorhaben/Pro}ecl Title . Land/Country 
Basis inspectio'l'l and in-service inspection of FRG 
ilUstenitic reactor vessels and components with Fordernde Institution/Sponsor Bl1F'l' 
ultrasonic Auftragnehmer/Contractor 
INTEAATOH 
Null- und 'iVi eder hol ungs pr tifung von austeniti- Bergisch Gladbach 1 
schcn Rcaktorbehaltern und -komponenten mit 
Ultraschallverfahren OE 0310, 6330, 8000 
Arbcot!;beginn/Jnili<!lcd Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
01.01.77 31.12.79 H. Banasch (Koord.) 
Stand der Arbeiten/Status · Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing December 1977 2.011.570,-- DM 
I' 
1. General Aim 
The objective of the project is to develop and t.o test a ·fully 
~ ........ 
l / autC?matic test system for the non-destructive b~sic and in-service 
( · .. 
·-· 
inspection of the austenitic walls of reactor vessels and components 
for sodium-cooled breeder reactors. By applying ultrasonic test 
I ~ • , 
methods to be further developed, it shall be possible to detect 
defects possibly prevailing in the austenitic material in order 
to judge or to prove the integrity .. Gf the high-:t~mperature-loaded 
sodium systems. Besides the develo:er;!ent and the.,gualification of 
·'.. 0 the ultrasonic test method to be applied at approx. 200 c, the 
. ) 
main items of the development prog~~m are the d~yelopment of a 
remotely operable, movable test device and finally the testing 
of the overall system at a scale of 1 : 1 under simulated reactor 
conditions in a test stand. 
2. Particular Obiectlves 
- Conceptual design, layout and construction of a test stand to 
test the overall test system 
- Conceptual design, layout, procuring or rnakint;r· available of the 
electronics for the ultrasonic test device and~. of the ultrasonic 
signal pick-up and processing system as well as ensuring the 
compatibility of ~hese units for-a system being under development 
to control the movable test devi(:e·. 
- Conceptual design, constructive design and manufacturing of the 
box (the drive unit for the vertical movement· of the movable 
unit is arranged Within the box. In addition,·'the coupling or 
the change of the test carriages·1t10 the link-carriage/chain 
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'' 
system of the movable test device and the equipment' of the test 
syste~ carrier with the ultrasonic .transducers required for th~ 
respective inspection are carried out within the box.) 
- supplementary work to support the development objectives of the 
inv6lved partners 
• Cooperation at the development of the ultrasonic transducers 
regarding their app.licabili ty at temperatures of approx .• 200°C 
under nitrogen atmosphere 
Search fora suitable conpling medium 
• Selection and testing of ultrasonic signal conductors 
I 
• Experime~tal meas~rement of the th~rmal losse~ of a LN 2-supply 
line for cooling a television camera 
• Experimenta~ investigations in order to limit. the leak rates 
of the conpling medium at the dynamic conpling of the ultra-
1' \ , 
sonic transducers to the subject to be tested 
3. Re~earch Program 
3. 1 Conceptual design of the· test st-and 
3.2 Investigations to ensure the a~~essibility to the contaminated 
movable device 
3.3 Continued investigations about preselected conpling media 
3.4 Conceptual design of the ultra~qnic data ~ogger and processing 
unit 
.,.. l' ' 
I. 
3.5 Investigations to limit the le~~age of the coupling medium 
3.6 Development of production methods for connecting the ultra-
sonic transducer components 
'· 4. ~xper imental Faci'!i ties, Computer ~<?.des 
The hither to underlying concep~ua~ftesign for the test starrd, 
I' -· 
which provided lor the use of in p~rt already available components 
for the test s~tup, was rejected in the 4th quarter because sorne 
~ ,- ,-
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constructed, which will permit the testing of the overall test 
system at a SNR-300 scale of 1 : 1, setting up a reactor vessel 
s.ection - partially filled wi.th sodium - as object to be tested. 
Furthermore, it is planned that at the testing of the test system 
. 
a universal control system shall be used, which is presently being 
developed by another organization. 
5. Progress to Date 
•ro 3. 1 Due tq the change of the conceptual desi:gn agreed upon 
in the 4th quarter for the test stand design, the detailed 
planning for this item shall be carried out in 1978. In 
this context the hitherto valid job descriptions for this 
program must be revised. 
,, 
To 3.2 The study - provided for in accordance with the work program-
on the procedure or concept regarding the change of the 
different test carriages at the box will be completed in 
the· IInd quarter of 1978 aft.~~ having cl_<;i~ified vario.us 
residual problems. Contrary to the hitherto underlying 
program, the conceptual design and then the constructive 
design of the box \vill be initiated at tlie beginning of 
1978 because this component has turned-out to be on the 
critical path of the time schedule as a result of the 
modified testing concept. 
To 3.3· By the end of the report period further qualification tests 
with the reference coupling medium have been initiated. 
Thereby for one part the irradiation behaviour o;!: the 
medium shall be investigated and for the other part i't 
shall be deterr.lined whether ·and hov1 the ultrasonic detection 
\'lill be affected by a solidified residual 'coUpling medium ' 
layer on the austenitic structures. ,_ 
To 3.4 Specifications have been elab0rated for the different units 
of the ultrasonic data logg~r·and processing system. 
Accordingly, a central master.computer shall control the 
~1 . .., ' 
I 
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ultrasonic transducers which are mainly due to the largely 
different thermal expansion coefficients of the used 
~uterials. In the meantime, however, first progresses have 
been achieved with one of ,the three provide4 production 
methods. 
6. Results 
In the main, the results already achieved have been described 
above. At present final results are not yet available. 
,....._ 7. Next Steps 
\. •. > 
The \vork to be performed in 1978 shall mainly r~fer to the 
continuation of the investigations described apove. 
. \ 
· 8. Relation to other Projects 
This project is linked 'l.vi th the projects RS 244 and RS 254 by a 
cooperation agreement. There is another close relation with the 
RS project ~Development of an universal control system". 
' < 
9. References ! -1 
Joint final report of BAH, M.A.N. and INTERATOH on the project 
RS 143, Iden·t-No. of the INTERATOM- INTAT 77.19-23.770 19.3-
Narch 1977 
I 
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Development and testing of a gas bubble 
detection system controlling the reactor 
entrance pipes with ultrasonic sensors in 
sodium cooled fast breeder reactors. 
Entwicklung und ErprobHng eines Gasblasen-
detcktionssystems zur Uberwachung der Reak-
torc i~Jtri ttslei tungen ·mi t Ultraschallsenso-
--.:t:.C-':1 'rt":>-l .,"'+,...inmrt,::o1rii'h1 ·on ~,...,,+,...t!><:~'l<+_n"l"o'Yl 
Arbc1t ,lJ,'(llnn/lnitlatc:d ...., Arbeitsende/Completed . 
01.09.1977 31.12.1980 
Stand der Arbeiten/S!atus Berichtsdatum/Last Up'dating 
continuing 31.12.1977 









Bergisch Gladbach 1 
OE 8220 
Leiter des Vorhabens/Project Leader 
H. Banasch (Koord.) 
Bewilligte Mittei/Funds 
2.883.329,-- DM 
.. , ,, 
Development of a bubble detection system in,order to monitor 
2. 
critical gas contents in the SNR coolant by-detecting bubbles 
in the reactor inlet lines. 
Particular Objectives 
Performan-ce of a study on the conceptual desTgn of a bubble 
det.~ctiQn. system taking into ac.c.ount: safety .. criteria, plant -
I I 
layout criteria, bubble_theory, selection of the transducer 
ty~es, elaboration of proposal~ for the tran~~ucer design. 
Investigation of alternative measuring methods such as 
inductive or ultrasonic methods .. Estimate dn the detection 
limits, on the measuring range, on the reparability, on the 
development state, on the development keypoints and on the 
test expendit'ure. Elaborating constructive designs for the 
water tests. 
3. Research Pro~ran 
-. 
3.1 Performance of a study on the conceptual design of bubble 
detection systems. 
n ~: 
3.2 Selection of the measuring methods 
The measuring methods to be investigated are based on the 
ind~ctive'or ultrasonic method. fhereby it will be 
distinguished whether _the measur~ment can b~'~ade inside 
' 
or outside the pipe. 
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3.3 Elaboration of conceptu~l designs for the relev~nt 
meas~ring methods 
After having elaborated the conceptual designs, it shall be 
I possible to decide which of these methods have chances for.a 
r.:-:romis.ing development and which of them will require a basic 
research. 
3.4 Constructive design of the test equipment for tests under 
water 
4 . 
In this respect constructive designs of the measuring·section 
arid of the gas supply shall be elaborated • 
. , 
·Experimental Facilities, Computer ·Codes 
As for the water tests, the available water_tank (SNR-300 
tank section) shall be used. The test setup_~ncluding the 
gas supply will be installed within the water tank. 




In the study the relevant measuring methods have been 
described. Taking into account the safety driteria and the 
currently.known plant_ layout criteria, ·in the main the in-
ductive and the ultrasonic methods have been investigated • 
. ,, 
To 3.2: ,, 
' From the investigated measuring~principles, five methods 
based en inductive me~suring principle and £our methods 
based on the ultrasonic measuring principle have been 
se}~ct~~· Furthermore, the elaborat~on of the marginal 
conditions to be observed for the necessary detection l'imi ts 
has been initiated. 
. ' ' 
,., t 
' ;, 
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To 3.3: 
Data sheets hav~ been elaborated, which contain the 
following data: 
- Check of the development state 
- Dcterm~nation of the penetration depth and of the 
measuring range 
- Interactions between measuring transducers and effects 
'on the redundant system layout 
- Demand and need of exciter capacity 
- Temper~ture resistance and influence on the measuring 
transducers 
- Resolving property and detection limits of the measuring 
transducers 
- Response property 
- Susceptibility to disturbances from outside such as 
speed, temperature fluctuations, wetting, electric 
disturbanCeS 1 magnetiC Stray effeCtS dUe .t,O the Cabling 1 
vibrations in the plant etc. 
Necessity of intermediate am,P~ifiers and adapt ion of 
cabling 
,, ., 
Linearity in the measuring range 
Demountibility during operation and maint.enance. 
To 3.4: 
As for the water tests, the following constructive designs 
are being elaborated: 
- Gas feed 
... 
The gas feed occurs by means df 4 swivel arms each 
provided with approx. 20 bores having diameters between 
50 ~m and 0.5 mm. It has bee~~provided for·that bubbles 
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- Test rig 
In the main, the test rig for the water tesf~ has been 
provided for the investigation of the ultrasonic rneth9ds; 
it is designed with ring-shaped adjustable supports. 
6. ResuJ. ts 
7. , Next Ste ns 
To 3.2: 
The elaboration of the marginal ccnditions to be observed 
for the detection limits is continued. 
To 3.3: 
The conceptual designs included in the data sheets are 




The constructive designs are continued. 
Furthermore, the following work shall be qarried out in 1978. 
- Completion of the test rig for the water tests 
I 
Conceptual design of the evaluation electronics 
- Constructive design of the ultrasonic sen~ors for 




Constructive design of sodium test sections in small loops 
- Evaluation of the water tests 
Testing the inductive measuring methods in small loops. 
a. RelAtion 0ith other Projects 
References ), : 
': , 
10. Degree of Availibility of'the 'Renorts 







Berichtszeitraum/Period Klassifikation/Ciassillcation K'Wszelchen/Project Number 
01.01.77 - 31.12.77 20 256 
Vorhabon/Proje.ct Title Land/Country 
Versuche zur Priifung von Reaktorkomponenten FRG 
m it Wirbelstrompriifverfahren Forderfl£/e Institution/Sponsor BMF · 
! Auftragnehmer/Contractor I 
! INTERATOH 
for inspection of reactor i Bergisch Gladbach 1 Inves Ugations I 
comnoncnts by eddy-current methods I OE 8120 
Arbcit!,bP}ltnn/inJtJatcd Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1 • 3 • 1 977 30. 9 • 1978 H. Banasch (Koord.) 
Stand dcr Arbcitcn/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing 31. 1 2. 1977 219.575,-- OM 
1. GE:neral Aim 
I In cooperation with KWU, IFR, Izfp and Interatom investigations 
are conducted for automatic examinations of reactor components 
by multi-frequency eddy ~urrent testing for production control 
and inservice inspection. Tests carried out by Interatom have 
to determine the suitability of eddy current methods in compo-
nents of LMFBR. 
2. Particular Objectives 
The first part of the investigatidn.s has the subject to 
- require the access for inservice inspections, 
--give the proof that eddy curren~ testing is ~~uccessful 
method for the examination of sodium contaminated ferritic 
and austenitic heat exchanger internals. 
3. Research Prooram 
3.1 Investigation of accessibility 
In this part bounda~y conditions are made up for inservice 
inspections by eddy current tes~ing. Problems of accessi-
bility are regarded from the aspect of construction, geo-
metrical character of the heat exchangers and their internals, 
radiological and te."ilperature c,o~di tions as ,~~11 as the in-
fluence of sodium deposits. 
3.2 Theoretical and experimentc;tl tests of eddy:current appli-
cation 
- ' , 
By eddy current tests of SNR-300 heat exchanger tubes 
statements are made about the suitability of this method. 




"" n 1'1 
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influence of austenitic and ferritic materials and of sodium 
' .. 
deposits on the tube surface. 
4. Ex.p,:crimental Facilities, Computer Codes 
' 
To 3.2 In basic tests non destructive examinations are conducted 
in steam generate!"- and IHX-tubes, which are provided with 
well-defined artificial discontinuities and wetted with 
sodium in a test container. 
5. Progress to Date 
To 3.1 The investigation of accessibility, which refers on SNR-300~ 
components was hearly concluded until the end of riscal 
year 1977. 
Completion caused by actual construction variations of the 
components will be taken into consideration in the summary 
report. 
To 3.2 Construction and fabrication of the test setup were started. 
6. 
,. "' The experimental part of nondestructive tuoe· testing is made 
in cooperation with Izfp-- Saarbrlicken. A 
Results 
By compiling the boundary conditions for inservice ~nspec­
tions of SNR-300 steam genera tot's, - IHX and· -large primary -· 
pipes conditions.for the application of eddy·current systems 
in LMFBR's are defined. 
In detail the 'following SNR-coptponents are ,checked up: 
- straight tube and helical eo?-~ tube evapo,rators a~d super-
heaters 
- intermediate heat exchangers 
- large primary pipes 
In consideration of the special~factors, listed in 3.1, 
some results are summarized: 
SNR-_300, steam ge~erators ,are g~tt:erally acc€1s,;;ible for in-
service inspections. The single ::heat excharw:er tube inlej:s 
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7. 
the components. Radiation, temperature and sodium coolant 
don't restrict inspection. 
The accessibility of the SNR-300 IHX tubes is more compli-
cated because of the sodium contamination of the inner and 
outer tube surfaces. The only way of testing the heat ex-
changer tubes without demounting the tube bundle leads through 
the secondary sodium outlet nozzle but for this way of in-
service inspection some restrictions are given concerning 
temperature, radiation and_sodium influence. Nondestructive 
testing of large primary pipes is performed with remotely 
controlled manipulators. Concepts for the accessibility with 
removable pipe insulations for SNR-300 are being tested. 
to 3.2 
In the construction of the test set up the important SNR-
conditions were realized such as dimensions and materials 
of the heat exchanger tubes. On the other hand it 'fltas 
necessary to protect the sodium on the tube surface against 
contact with oxygen. Therefore ·two straight tubes of each 
SNR exchanger·type are welded into a portable closed metal 
container. So the outer tube surfaces can be wetted with 
sodium.to verify test conditions for inservioe inspection. 
The type and dimensions of the artificial flows in the tube 
walls \'rere chosen in coordination with the Izfp. In combi-
nation with sodium .on the outer tube surface discontinuities 
only on the s~~e side were expected to be important. There-
. r 
fore in this step of the investigatio.n program long~ tudinal 
and circumferential notches and drilled holes with defined 
' ~ ... 
dimensions \'tere provided. 
Fabrication of the sodi~~ container and preparations for the 
connection with the Interat.om ~-e-st facility~_¥fere started. 
Next----steQs 




After fabrication of suitable eddy current ~robes by the 
Izfp the tubes are tested without sodium infruence to have a 
standard of reference. Then the ~tubes will be set into the 
0 
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container and wetted with sodium. After draining the sodium 
next eddy current tests will follow as provided. 
a~ Relation to other Projects 
RS 89, RS 255, RS 257 
9. References. 













Ocrichtszcitraum/Period Klassifikation/Classification Kennzeichen/Project Number 20 1. 1. 77 - 31.12.1977 'RS ?48 
Vorhaben/Project Title Land/Country 
FRG 
Elementverbiegung im Kernverband Fordernde Institution/Sponsor 
'RMF'T' 
' •, Auftragnehmer/Contractor 
INTERATOM 
Element Bowing in Reactor Cores Bergisch Gladbach 
OE 911o 
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General Aim 
In order to fulfill the safety and economics requirements 
for the core design of large, sodium Cdoled fast breeder 
reactors, a program. is needed to calculate the three 
dimensional subassembly bowing in a reactor core. 
Particular Objectives 
This project has the aim .. to develop armethod step by 
step. So it will be possibie to calcui~te the three dimen-
sional geometrical, mechanical and rea.~:tivity behaviour 
of subassemblies in a reactor core with the consideration 
of thermal gradients, differential swel~ing, irradiation 
enhanced creep and friction between the subassemblies • 
. - . 
Research Program ~ , 
Three dimensional force equilibrium in.1la reactor core 
Consideration of swelling and irradiation enhanced creep_ 
Testing and description 
Consideration of friction 
Calculation of tors ion of . S).lbassemblies:. 
Consideration of friction'cind torsion 
Other mechanical models . h 
Verification and qualification of the program 
I " 
Experimental Facilities, Computer Code~ 
The computer Cyber 172 is used. 
A c?mputer program to solve· a set of linear equations 
with the following subroutines will be, I developed: 
r···. 
., . 
It · tr 'f 'f . l 









- Bowing due to temperature gradients 
Calculation of gap widths between subassemblies and be.-
tween subassemblies and the restraint rings 
Solving a set of linear equations 
- Testing the solution and ·controlllng the iteration 
Plotting and printing the results 
Progress to Date 
_ A test program was written tQ find a pos§ible and economi-
cal xeration technique. After successful achievement of 
this goal the t-1ri ting of the program DDT was started. 
This program will manage to calculate any configuration 
of elements u~ing available symmetry properties._ Most 
subroutines have been written and are being tested. 
The ~odul TEMTRA t-tas t-7ri tten to establish. the axial .tempe-
rature distribution necessany for DDT and to collect the 
tPmperatures of all assemblies belonging·· to the calculated 
part of a reactor core and··to store them together. 
\olork was performed to transfer the neutronfluence and 
energy from the program KASY to DDT. 
Three comparisons wit~ NUBOW~3D were completed.· 
Asjuming the linearisation•of the friction forces, a possi~ 
bility was found to incorpo~ate friction forces between 
subassernblies and the test ~·program was supplemented. 
The ·sc~edule is'fulfilled by. the test program, except for 
point· 3. 2 t-7hich will be done after progrcim DDT is completed. 
:1 • 
Results . n ,, 
At first, a poi~t-relaxati6n•process wa§ ·developed. By tHis 
method, the largest force discrepancy i~ corrected, but 
the computer running time was extremely~large. Therefore, 
other· techniques were looked for and the gap iteration 
technique w~s found. Solvirig·the linear1iquation several 
times, using the solution Oflthe last sfjp one obtains a· 
converging gap distributiort ~hich has td be checked. 
The thermohydraulic code IACOB was supplemented to calcu-
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locations ~lone a subassernbly duct. 
The first two comparisons calculated with the testprograrn 
gave the same results as the theoretical or NUEOvJ- 3D resulis. 
Due to lacking detailed quantitative figures from NUBOW-3D 
calculations, it v1as not yet possible to perform a compari-
son of the results of the third example which is a real 
.three.. dimensional probiem. But it was learned from .A.NL 
experts via direct contacts, that the results seem to 
agree. An exact comparison is only possible, if better 
contacts to ANL can be reestablished. 
The program with friction, but usin~ a friction coefficient 
~· = o,yields the same results as the profram without fric-
tion. At the conference "Optimisat_ion of sodium-cooled fast 
reactors" held in London. 1977, the programs SABO\o! and CRAMP 
were presented'by the Nuclear Power Corporation; both are 
three dimensional core restraint programs.but CRAMP is the 
more recent code. CRAMP calculates subassembly bot-Ting t-Ti th 
the effects of temperature• and swelling gradients, irra-
diation enhanced creep and friction. The~efore a compari-
son t-7ould be very interesting. 
Next Steps 
The programming of DDT v7i 11 be completed~-
After finishing DDT, a second modul DDA8 :"Yrill be v7ri tten 
to calculate the bo.wing of :•differential ~swellinP.: and irra-
diation enhanced cree?. r: · -.~ " 
Testing and description ofnthe programs"DDT and DDAB. 
Sorr.e tests will be done, to -see how the" testcode is .running 
with friction and to check',the results.~· 
Consideration will be don~-with respectnto torsion of 
subassemblies and a program v7i 11 be v7ri tten. 
This is planned for 1979. t ; 
Considerations of the kind of mechanical duct,rnodels. 
Especially the variation of duct stiffness with loading 
~onditions will be looked into. ~. 
The inform•ation exchange vdth the USA b~i·nf' nearly blocked-
it is becominr.; more and more- difficult 1:0 obtain net-7 test 
samples for verification and qualificat~6n of the programs 
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.. s. 
9. 
DDT and DDAB. Due to the co~plexity of the input data set 
real comparisons are only possible, if a close contact with 
ANL or NPC (or UKAEA) can be maintained. 
Relatio.n with other Projects 
References 
R. Menssen 
DDT - a 3-dimensional Program for the Analysis of Bowed 
Reactor Cores 4th SMIRT-Conference Aug.; 11, San Francisco 
(:. ..;.;l_o_. ____ D_e~r;!o.;;,.r_e_e_o_f_A_v_a_i_l_a_b..__i.;;;.l_i..;;t..:.y--r-1 o_f_t.;..h_e.__-_R..;..e.._p_o~r....;t;...;.;.s 
The report is published in the proceedings of the 4th 
International Conference on ·Structural Meqhanics in ·Reactor 
Technology as report D 2/4. 
.., r ,, 
























Bcriclltszeilraum/Poriod Klassil•kation/Ciassification Kennzeichen/Project Number 
1 • 7. 77 - 31.12.77 20 RS 260 
Vorhaben/Project Title Land/Country 
Untersuchungen zur langzeitigen thermischen FRG 




Investigation on long term stability of Bergisch Gladbach 1 
steel 10 CrM?NiNb 9 10 
OE 8320 
'Arbeitsbeginn!lnitiated Arbeitsende/Completed leiter des Vorhabens/Project Leader 
1 • 7. 77 31 . 12.80 Mr. Banasch (Coord.) 
Stand der Arbeiten/Status . Berichtsdatum/Last Updating Sewilligte Mittei/Funds 
Continuing 31.12.77 51~060,-- DM 
1. General Aim 
Determination of parameters influencimg the mech~nical properties 
in' the long time high temperature range of the f~r:ri tic steel 
10 CrHoNiNb 9 10 which has been chosen as a structural material for 
sodium cooled reactor systems. 
2. Particular Objectives 
- Investigation of the recrystallization behavioar. 
"',. 
- Influence of recrystallization on mechanical prGperties. 
- Evaluation of the results from RS 261 by Hannesmann concerning 
the importance for the project RS 271 "low cycle fatigue behav-
iour of steel. 10 CrMoNiNb 9 10". 
• "1 
3. Research Proaram 
3.1 Specification, procurement and qh~racterizat~Qn of test mate-
rials for the projects RS 261 and 271. 
3. 2 Coordination of the projects "thermal stabili,ty" and "low cycle 
fatigue behaviour". 
.. l ... r 
3.3 Evaluation of the results of the Program "thermal stability" 
with regard to the low cycle fatigue strength: 
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4. Experimental Facilities, Computer Codes 
Tests are performed by Mannesmann. The present objective includes· 
the activities according to point 3. 
5. Progress to Date 
Specification of test materials in cooperation with'Mannesrnann. 
Production of test materials (6 melts) by Mannesmann~ 
6. Results 
Results of the test program are not yet available. 
' 
7. Next Steps 
Production of further test materials (weld metal 10 CrMoNiNb 9 10), 
start of long time exposures, performance o'f tensile and impact 
tests. 
8. Relation with other Projects 
This project is closely connected with the projects RS 261 and 271;,. 
. 1 ..., 
9. References 









. ! \ ' 
L 
\ 
Uurichl~loitraum/Poriod Ktasslflkatlon/Cioaslflca!lon Kennl!oichon/Pro)ecl Number 
1 4. 7 7 - 31 1 2 77 20 RS 0211__1 
Vorhabon/Project Title Land/Country 
Untersuchungen zur langzeitigen thermischen -FRG 
Stabilitat des Gefiiges des Stahles Fordernde Institution/Sponsor 
8 CrMoNiNb 9 10 'RMF'l' 
Auftragnehmer/Contractor 
Mannesmann-Forschungs-
Study on the long-term stability of the micro- institut, Duisburg 
-structure of the steel 8 CrMoNiNb 9 10 at 
elevated temperatures Abt. Metallkunde 
Arbcitsb<'ginn/lnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader 
1.4.1977 31 • 12. 1980 Dr. H. Fabritius · 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
continuing December 1977 417.499,-- DM 
, . General Aim 
Determination of the parameters that influ;.f=xlCe the strength 
of the steel 8 CrMoNiNb 9 10 during long ~e~m exposure at 
elevated temperatures. This steel is used .~or components in 
sodium cooled fast breeding reactors. 
2.. Particular Objectives 
The effect of the degree of s.t~bilization ..(~b/C) . on recovery 
and recristallization shall be'studied as well as the influ-
ence of coldworking. 
3. Research Program 
3.1 Materials: see Table 1 
.... ' " 
3.2 Rolling of the Materials: ~~ ,, f( 1 
3.3 
The casts 1 - 6 are hot rolled .Jto plats 22· ilTh-n in thickness 
Heat treatment: · .. 
Cast 1: ·1 020 °c 30 nin/ oil an'd · 
720 °C 1 h/air coo~ing 
Casts 2 - 5: 1020 °c 30 min/air cooling 
720 °c 1 h/air cooling 
Cast 6: 950 oC 30 min/oil and· 
72,0 oC i h/air cooling 




3.4 P~~~tr~a.tment of the materials: 
20 % cold rolling of one half of the materials 1 - 6 {ver-
sion A) • Pre-annealing 20 h at' ·700 °c of parts of the mate-
rials 5 and 7 (material 5 in both conditions, heat· treated 
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3.5 
3 .• 6 
3.7 
Cutting of squares for annealing according to 3.6 of the 
materials according to 3.3 and 3.4. 
Annealing of the squares according to the schedule in table 2. 
Tensile tests are carried out at 20 °c and 550 °c on every 
specimen, an~ealed according to 3.6. The initial conditions 
according to 3.3 and 3.4 are tested with double specimens. 





















The A -T-curve and the toughness at 550 °c is determined 
V , . 
with 18 specimens for every annealing condition., The condi-
tions tested are: initial conditions according to 3.3 and 
3.4 and two selected annealing times at every temperature. 
Metallographic examination of the microstructure and hard-
ness-measurement at all annealing conditions. 
Electron microscopy and residual analysis (chemical and X-
ray) of selected specimens. 
', 
E~q:~erimental Facilities 
Existing laboratory and industrial equipment. 
" " 
11 
.. 11 11 ..... 
.P 11 11 .11 .. c ~ 
Existing laboratory equipment , 
". 11 
" 
Partly existing electrically heated furna~es, partly fur-
naces to be provided. ; ) 
Existing laboratory equipment 4 
11 11 11 
11 11 11 
11 11 11 
Prog:ress to Date "' 
Finished, except material 7 
Finished 
11 except material 7 I 
11 11 11 7 I 
11 11 11 1 and 7 
None 
Tensile ·tests at RT and 550 0 ' .c ~on 
initial condition. 
, .... , 
~ ~ '\ 
~ ~ 
:' ~· 





























The work is in time. 
Results 
Finished, •except material 7 
11 
11 








5, SA, 7 
1 and 7 
RS 0261 
6 and 6A in the initial 
1.. .. ..; to 3. S 
to 3.6 
to 3.7 The mechanical properties of materials S, SA and 6 at RT and 





The impact values of the materials 5, SA, 6 and 6A in the 




to 3.1 Production of material 7 
to 3.2 None 
,..-. to 3. 3 Heat treatment of material 7 ·· 
to 3.4 Pre-annealing of materials S, SA and 7 
to 3.S Cutting of the squares from materials 1 and 7 
to 3.6 Start of the annealing treatm~nt 
to 3.7 Testing of the materials in the initial condition and after 
short annealing treatments 
to 3.8 -Testing of the materials in the initial condition 
to 3.9 Testing in the same extend as with 3.7 
to 3.10 None 
8. nelation with other Projects 
~elation with the Project RS 02 605 (Interatom) . 
• 
'-· 
·"'""· \.. ·' 
--~--------- -----. 
1. 4·. 77- 31.12.1977 
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9. References. 
None 
10. Deqree of Availability of the Reports 














similar 8 crr.1oNi 9 10* 
8 CrMoNiNb 9 10* 
8 CrMoNiNb 9 10* 
8 Crl-1oNiNb 9 10* 
8 CrMoNiNb 9 10** 
10 CrMo 9 10** 
·similar a CrMoNiNb 9 10*** 
1000-kg-laboratory casts 
commercial material 
weld metal deposi~ 
!' 
remarcs 
0,01 - 0,02 % c, 
Nb . c = 0 . 
about 0,6 % Nb, 
Nb . c ~ 10 . 
0,7 - 0,8 % Nb, 
Nb . c ~ 12,5 . 
0,9 - 1 ,o % Nb 
Nb . c F:::l 16· . 
high degree of stabili- ~ 
" 
zation 
c < o, 10 
- . ..-. ... 
%, 
Nb c = 0 . . 
usual. analysis 
. :\ 1, 
!/ 
I 
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' ' 
Table 2: annealing schedule to 3.6 
a [0 c] annealing time in h 
20 0 
750 1 3 10 30 100 300 1000 
725* 3 10 30 100 300 1000 
700 3 10 30 100 . 300 1000 3000 10000 30000 
650 30 100 300 1000 3000 
r ': 
10000 '· 30000 50000 
600 100 300 1000 3000 10000 30000 50000 
550** -
- -
100 300 1000 3000 10000 30000 50000 
* Except~with ~aterial 5 and SA 
** The pre-annealed specimens of the materials 5, SA and 7 (3.4) 
















Borichtszcitraum/Period Klassifikalion/Ciassification Kennzeichen/Project Number 
1.7.77 - 31.12.77 20 RS 271 
Vorhabcn/Project Title Land/Country 
Ermtidungsverhalten des Stahles FRG 
10 CrHoNiNb 9 10 unter Berticksichtigung von Fordernde Institution/Sponsor 
Haltezeiten RMFT 
Auftragnehmer/Contractor 
Low cycle fatigue behaviour of steel INTERATOM 
10 Cr~oNiNb 9 10 in consideration of hold 
time Bergisch Gladbach 1 
OE 8320 
A~beitsbeginnllnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Loader 
1 7 77 31 . 1 2. 80 Mr. Banasch (Coord.) 
Stand der Arbeilen/Status Berichtsdatum/Last Updating Bewilligte Mittei!Funds 
Continuing 31.12.77 884.247,-- m1 
1. General Aim 
(: Determination of the low cycle fatigue behaviour ·of steel 
10 CrMoNiNb 9 10 and of the influence of hold times for the deri-
vation of design values in the strength analysis~'for sodium cooled 
reactor plants. 
2. Particular Objectives --
Oetermtnat.ion of the low cycle fatig.ue behaviour .. at SS0°C in 
differ~nt aging conditions. 
- Investigation of the hold time effect on the li"'f·e time in low 
cycle fatigue test. 
- Use and evaluation of damage accumulation rules. 
~· - Determination of the influence of microstructure on the low 
cycle fatigue behaviour. ,, :. 
' '· ·. 
3. Research Proaram 
3.1 Pretests to the low cycle fatigue behaviour 
3.2 Precondit-ioning of ,the specimens 
" 
.l J 
3.3 LCF-tests without hold time 
f1 •. 
3.4 LCF-tests. with hold time 
'"-"! "" 
3.5 Creep·tests for evaluation of the hold time effect 
3.6 Relaxation tests to define the effective stress during hold 
time ... 
- .ll. 
' . ~ 'l t 
' ~ I ' 
...... 
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3.7 use of damage accumulation laws to evaluate the test results. 
3.8 Evaluation of structural changes at high temperatures on the 
low cycle fatigue behaviour. 
3.9 Definition of design values. 
4. Experimental Facilities, Computer Codes 
The low cycle fatigue tests are performed with a serve-hydraulic 
universal testing machine with axial strain measurement and strain-
control in the "closed loop system". 
For the relaxation tests one testing machine is available. 
S. Progress to Date 
In cooperation 't'Tith Mannesmann seven test materials were specified 
with the following basic chemical com~osition: " ·· 
t c % Si ~ Hn t p t s X Cr X IU t "0 X Al ~ N 
0,0~/ 0,1~/ 0,40/ 0,010/ 0,010/ 2,0/ 0,60/ 0,9/ 0,010/ 0,010/ 
_, 
0,07 0,5 0,80 0,015 0,015 2',5 0,70 1,1 0,020 0,01~ 
I ~ 
These heats mainly differ in the Nb-content which was fixed.as 










no niobium; C = 0.01 - 0.02··% (" 
~ 
low stabilized (Nb = 0.6 %; "N~: C = 10 ;; 1} 
middle degree of stabilization (Nb = 0.7- 0.8 %; 
..... Nb:C~12.5:1) 
r ,. r 
" .,high. stabilization (Nb = 0..,. 9 - 1 .0 %; Nh.: C = 16 : 1) , 
·high stabilized co~~ercial, ~eat ~:. 
steel 10 CrMo 9 10 (no Nb)., commercial 'h"eat 
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The test materials 1 - 6 were produced by Mannesmann. Due to the· 
shortage of material from heat no. 5 this melt cannot be taken for. 
low cycle fatigue testing. Instead of material 5 a new melt (original 
SNR steam generator material) was ordered by INTERATOM. The delivery 
of the test materials is expected in January 1978. 
6. Results 
Test results are not available for the reasons mentioned above. 
7. Next Steps 
Start of the low cycle fatigue testing ·on material in the as-re-
~ ceived condition. 
Further steps see point 3. 
8~ Relation with Other Projects n 
This project is closely.connected wit~~the projects.RS 260 and 
RS 261. 
9. References 










Berichtszeitraum/Poriod ~(fssifikation/Ciassitication' Kennzeichen/Projecl Number 
1. 7. - 31. 1 2. 1977 RS 259 
Vorhaben/Project Title Land/Country 
Untersuchung von Na-Mel3verfahren auf ihre An- I Fffi 
\ieJidb a rke it in NaK-Kreis Hiufen Fordernde ln~titution/Sponsor 
BMFT 
Auftragmihmer/Contractor 
of Sodium Instrumentation and :t-1easure- Tcchnische Universitat Test Berlin 
-ment ~iethods for Application in NaK-Loops 
Ins~ itMt fur Kern-tee n1· 
Arbeitsbeginnllnitiated Arbeitsende/Completed Leiter des Vorhabens/Project Leaqer 
1. 7,. 1977 30. 6. 1979 P~of.Dr.-Ing.U.Wesser 
$land der Arbeiten/Status · Berichtsdatum/Last Updating Bewilligte Mittei/Fu~ds 
continuing Dec. 31 , 1977 310.900,..;- Dtvt 
1. General Aim 
Measurement methods and liquid metal cleaning te~hniques will be 
tested concerning their applicability in NaK-loops·. The measurement 
methods were developed for water and partially employed successfully. 
Experiences with liquid metal cleaning techniques exist for applica- · 
tions in Na- and K-loops. The measurement and ~leaning rnetbods should 
be tes,te·d in conditions existing in ·a, core-melt il')'.g·-prevent ion sys tern. 
2. Parti-cular. Objectives 
The test~_of m~asurement methods and ~iquid rneta~~cleanings are 
. planned especially in NaK-loops. In.the starting phase the operati-
onal security of'the test-rig is to be tested, parameters are to be 
measured in stationary states. Nonstationary operating condi'tions 
,..... request fast ·variations of temperature in the rarige up to 500 °c. 
This situation is expected in a coremelting-prevention system. De-
termination of attainable temperaturte,..transients.,:i:s the aim of the 
pr.oceeding lvork. Tests \vi th fluidleve ~ detecting ::;sys terns and flOlv 
meters may. shoi·r temperature influence'- concerning ?-measurement accu-
racy of these instruments. Information about onset .~and formation of 
cavitation may be provided by measuring in~truments, mounted at the 
outside. Operational security of liquid-metal-lo~~s is dependent on 
the purity of the liquid metal. For 'this aim purchasable 1 instruments 
for determination of· oxid concentration and cleaning methods are 
tested. · · 1 • 
3. Research Program · 
The research program is· divide~ into: six intercort.n·ected activities : 
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3.2 Operational tests NaK-K-loop 
3.3 Investigation of methods for oxid concentration 
measuring and NaK-cleaning 
3.4 Test of flow meters 
3.5 Test of fluid level monitoring systems 
3.6 Test of detection methods for cavitation 
4. Experimental Facilities 
The test rig has two closed loops. One of them consisting of a NaK-
loop, the other of a K-loop. Both loops may be operated separately. 1 
Secondary rigs include systems for cover~gas and cool-air-providing, 
vacuum stand, cleaning system for argon and filling systems. The test 
rig is remote-controlled with projected connections to the data pro-
cessing system. 
5. Progress to Date 
5.1 Operational tests NaK-loop 
The preparations for starting the NaK-loop 
have been accomplished. 
5.2-
5.3 Investigation of methods for oxid concentration 
measuring and NaK-cleaning 
Installation of a pluggingmeter fo~ oxid 
· and a cold trap for NaK-cleaning. 






In the NaK-loop an Et-1-flo\v1Tleter \vas installed. 
5.5 Test of detection methods for cavitation. 
Design and ~onstruction of a sound-transducer-system. Operatio-
nal test of this system. 
6. Results 
7. Next Steps (' ' 
Starting of the NaK-loop and completion of the K-QOop. Operational~ 
capability of the test rig is to be check~d and the area of parame-
te~s is to be determined. The built-in and the still to be installed 
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8. Relation with Other Projects 
9. References 











Bor ichtszeltraum/Period Klasslfikation/Ciasslflcation Kennzeichen/Project Number 
1 1.77- ~1 1? 77 ?n RS 305 . 
Vorhaben/Projocl Title Land/Country 
Investigations on the interactions of pressure FR,G 




Untnrsuchung der \i'ech se hiirkung zwiscben Bergisch-Gladbach 1 
Druck\·iellen und Bauteilen in fltissigkeits--
geflillten Systemen OE 8210, 7110 
Arboitsbeginnllnitiated Arbaitsende/Completed Leiter des Vorhabens/Project Leader 
1 11 77 28 2 81, H TI8.nasch"r'Xon..,...n ) 
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittei/Funds 
. 
continuing 31.12.77 1.722.679,-- m1 
1. General aim 
LMFBR safety analysis shows a number of plant-- failures by which' 
strong overpressure transients in the system occur. In the design 
of components the hydraulic loads due to the resulting pressure 
waves have. to be taken into considerations. 
As an "improved status of the ar'l:_" .. the descripf:ion of p~es~ure-:. 
time histories inside bf an apparatus in which ~the accident. takes 
. . I ", . " place is already possible and proofed. But there is .still a great 
lack of knowledge in the mathematical-physical description of the 
transmission of pressure waves through a system-. This. knowledge 
. ' 
is necessary in order to·describe the behaviour of a component 




2. Particular objectives 
... '1 . .-
The particular aim is the development of experimentally 
computer codes which allow a satisfactorily description 
proof an 
of. the 
interactions between pressure waves and components. Special 
attention will be payed on the elastic-plastic behaviour of 
. . . 
components during highly hypothet;iG:al events. , .. 
3.' Research prog·ram ... 
' I >1 I At INTERATOM there are three different computer codes for the 
description of pressure waves und~r design. These are: 
HEINKO/C, ROPLAST/2 and MEKKA/1. ·~ n . 
The ranges of validity of these codes have to b~ verified and 
quali·fied ... as well by ex~eriments. 
I' !! ~ .I 
" i 
1.1.77- 31.12.77 - 2 - RS 305 
4. Experimental facilities, computer codes 
The experimental set up consists of a pipe system of 100 mm 
nominal diameter. Pressure waves of different amplitudes and 
~teepnesses.will be ~enerated by gas explosions or deflagrating 
explosives. Transients up to 35 bar/ms and maximum amplitudes 
up to 120 bar are envisaged. The system will operate at room 
temperature, with water as the pressure transmitting liquid. 
The resulting load functions will be picked up by piezoelectric 
pressure transducers and strain gages. The experimental results 
have to be compared with the results of calculations done with 
the different computer codes. 
Three computer codes at different stages of development are 
available at INTERATOM: 
I. 
HEINKO/C, a one dimensional program for the description of 
pressure waves. The feed b~ck from the tube wail material to 
l .. ' 
the pressure is approximated by a change of the velocity of 
.sound in the liquid. 
- ROPLAST/2, describes the elastic-plastic behaviour of the 
\ .-1 ·1 
tube wall in interaction between tube wall material and 
pressure wave. Similar to HEINKO, the hydrodynamics are 
one dimensional . 
.. -... - MEKKA/1, a three dimensional program for ·the calculation of 
pressure v1ave scattering effects. i.nside a component such as 
i.e. an elbow. 
5. Progress to cate 
The time schedule has been revised,t.o a start po~nt of 1.11.77 .. 
In detail the following activities have been sta~ted. 
Design of'a spherical pressure wave generator and first connec-
tions to vendors. ,. ·: 
I r 
Design of a platform to support the test installations, first 
connection to vendors. 
- A first preliminary design of some test components. 
. ' ...... ,.., ... ... ~ 
Evaluation of a suitable instrumentation for fast pressure 
. ·. (" , 














7. Next steps 
, The next steps are given by the 'time schedul~ as follows: 
- Design, fabrication and delivery of 
I 
test equipment 
- theoretical preparation of computer 
programs 
test of the pressure wave generator 
- start of experiments 




10. Degree of avialability ·of reports 
none. 

